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PREFACE. 


S*on after I was appointed Professor of Sanskrit and 
Comparative Philology in the Presidency College at 
Madras, and in that capacity took charge of the office of 
the Curator of the Government Oriental Manuscripts 
Library, the late Mr. G. H. Stuart, who was then the 
Director of Public Instruction, asked me to find out if 
in the Manuscripts Library in my charge there was 
any *work of value capable of throwing new light 
on the history of Hindu mathematics, and to publish 
it,’ if found, with an English translation and with 
such notes as were necessary for the elucidation of 
its contents. Accordingly the mathematical manu- 
scripts in the Library were examined with this object 
in view; and the examination revealed the existence 
of three incomplete manuscripts of Mahavlrficftrya’s 
Ganitasdra-Hangraha. A cursory perusal of these manu- 
scripts made the value of this work evident in 
relation to the history of Hindu Mathematics. The 
late Mr. G. *H. Stuart’s interest in working out this 
history was so great that, when^the existence of the 
manuscripts and the historical value of the work were 
brought to his notice, he at once urged me to try to pro- 
cure other manuscripts and to do all else that was 
necessary for its proper publication. He gave me much 
advice and encouragement in the early stages of ray 
endeavour to publish it ; and I can well guess how it 
wbuld have gladdened his heart to see the work published 
ill the form he desired. It has been to , me a source of 
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very keen regret that it did not please Providence to 
allow him to live long enough to enable me to enhance 
the value of the publication by means of his continued 
guidance and advice ; and my consolation now is that it 
is something to have been able to carry out what he wi^h 
scholarly delight imposed upon me as a duty. 

Of the three manuscripts found in the library one 
is written on paper in Grantha characters, and contains 
the first five chapters of the work with a running 
commentary in Sanskrit ; it has been denoted here by 
the letter P. The remaining two are palm-leaf manu- 
scripts in Kanarese characters, one of them containing, 
like P, the first five chapters, and the other the seventh 
chapter dealing with the geometrical measurement of 
areas. In both these manuscripts there is to be 
found, in addition to the Sanskrit text of the original 
work, a brief statement in the Kanarese language of 
the figures relating to the various illustrative problems as 
also of the answers to those same problems. Owing to 
the common characteristics of these manuscripts and 
also owing to their not overlapping one another in respect 
of their contents, it has been thought advisable to look 
upon them as one manuscript and denote them by K. 
Another manuscript, denoted by M, belongs to the Gov- 
ernment Oriental Library at Mysore, and was received 
on loan from Mr. A. Mahadeva Sastri, b.a., the Curator 
of that institution. This manuscript is a transcription 
on paper in Kanarese characters of an original palm-leaf 
manuscript belonging to a Jaina Pandit, and contains 
the whole of the work with a short commentary in the 
Kanarese language by one Vallabha, who claims to be 
the author of also a^Telugu commentary on the s&niQ 



FIVYAfl S. 


IX 

work. Although inoorrect in many places, it proved 
to be of great value on account of its being complete and 
containing the Kanarese commentary; and my thanks 
are speoially due to^Ir. A. Mahadeva Sastri for his leaving 
it sufficiently long at my disposal. A fifth manuscript, 
denoted by B, is a transcription on paper in Kanarese 
characters of a palm-leaf manuscript found in a Jaina 
monastery at Mudbidri in South Canara, and was obtained 
through the kind effort of Mr. ft: Krishnamocharyar, m.a., 
the Sub-assistant Inspector of Sanskrit Schools in 
Madras, and Mr. U. B. Venkataramanuiya of Mudbidri. 
This manuscript also contains the whole work, and 
gives, like K, in Kanarese a brief statement of the pro- 
blems and their answers. The endeavour to secure more 
manuscripts having proved fruitless, the work has had 
to be brought out with the aid of these five manuscripts ; 
and owing to the technical character of the work and its 
elliptical and often riddle-like language and the inaccu- 
racy of the manuscripts, the labour involved in bringing 
it out with the translation and the requisite notes has 
been heavy and trying. There is, however, the satisfac- 
tion that all this labour has been bestowed one worthy 
work of considerable historical value. * 

It is a fortunate circumstance about, the Ganda-mra - 
sangraha that the time when its author Mahavlracftrya 
lived may be made out with fair accuracy. In the very 
first chapter of the work, we 'have, immediately after 
the two introductory stanzas of salutation to Jina Maha- 
vTra, six stanzas describing the greatness of a king, 
whose name iB said to have been Cakrika-bhafijana, and 
who appears to have been commonly known by the title 
of Amoghavarsa Nrpatnnga; and in the last of these 
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six stanzas there is a benediotion wishing progressive 
prosperity to the rule of this king. T he results of moder n 
In dian epigraphical research sh ow that this king Am 5« 
gha varsa Nrpatunga reigned from A .ft 814 or 815 to A .D. 
877 or 878.* Since it appears probable that the author 
of the Ganita-sara-sangraha was in some way attached 
to the court of this Rastraktlta king AmSghavarsa Nrpa- 
tutigaTwemay consider the work to^bebng to the .middle 
of the ninth century of the Chri stian era. It is now 
generally accepted that, among well-known early Indian 
mathematicians Aryabhata lived in the fifth, Varahami- 
hira in the sixth, Brahmagupta in the seventh and 
Bhaskaracarya in the twelfth century of the Christian 
era; and chronologically, therefore, Mahaviracarya comes 
between Brahmagupta and Bhaskaracarya. This in itself 
is a point of historical noteworthiness ; and the further 
fact that the author of the Ganita-sara-sangraha belonged 
to the Kanarese speaking portion of South India in his 
days and was a Jaina in religion is calculated to give an 
additional importance to the historical value of his work. 
Like the other mathematicians mentioned above, Maha- 
viracarya was not primarily an astronomer, although he 
knew well and has himself remarked about the usefulness 
of mathematics for the study of astronomy.' The study 
of mathematics seems to have been popular among Jaina 
scholars ; it forms, in fact, one of their four anuyogas or 
auxiliary sciences indirectly serviceable for the attainment 
of the salvation of soul- liberation known as moksa . 

A comparison of the Garnia-tdra* sangraha with the 
corresponding portions in the Brahmasphuta-siddhdnta of 

* Vide Nilg%n& Inicription of tho time 0 / AnAghavarfa J, A.D. 866 j edited by 
J. F, Fleet, Fh.D,, cj.i., in Spiftaphia Indict, tol. VI, pp. 98-108, # 
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Brahmagupta is calculated to lead to the conclusion that, 
in all probability, Mahavlrfto&rya was familiar with the 
work of Brahmagupta and endeavoured to improve upon 
it to the extent to which the scope of his Ganita-mra * 
sangraha permitted such improvement. Mah&viracirya*s 
classification of arithmetical operations is simpler, his 
rules are fuller and he gives a large number of examples 
for illustration and exercise. Prthfidakasvamin, the well- 
known commentator on the Brahmasphufa-iiddhanta , 
could not have been chronologically far removed from 
Mahftvlracarya, and the similarity of some of the exam- 
ples given by the former with some of those of the latter 
naturally arrests attention. In any case it cannot be 
wrong to believe, that, at the time, when Mahiivlrftcarya 
wrote his Ganita-sara-sahgraha , Brahmagupta must have 
been widely recognized as a writer of authority in the 
field of Hindu astronomy and mathematic*. Whether 
Bhaskaracarya was at all acquainted with the Ganita - 
tara-zangraha of Mahftviracarya, it is not quite easy to 
say. Since neither Bhaskaracarya nor any of his known 
commentators seem to quote from him or mention him 
by name, the natural conclusion appears to be that Bhas- 
karacarya’s Siddhanta-tiromani , including his LTlavati 
and Bijaganita, was intended to be an improvement in 
the main upon the Brahmasphvtamddhdnla of Brahma- 
gupta. The fact that MahavTracarya was a Jaina might 
have prevented Bhaskaracarya from taking note of him ; 
or it may be that the Jaina mathematician's fame had not 
spread far to the north in the twelfth century of the 
Christian era. His work, however, seems to have been 
widely known and appreciated in Southern India. So 
early as in the course of the eleventh century and perhaps 
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under the stimulating influence of the enlightened rule 
of Rajarajanarendra of Rajahmundry, it was translated 
into Telugu in verse by Pavuluri Mallana; and some 
manuscripts of this Telugu translation are now to be 
found in the (rovernment Oriental Manuscripts Library 
here at Madras. It appeared to me that to draw suit# 
able attention to the historical value of Mahaviracarya’s 
Gamta-sarasangraha , I could not do better than seek 
the help of Dr. David Eugene Smith of the Columbia 
University of New York, whose knowledge of the history 
'of mathematics in the West and in the East is known to 
be wide and comprehensive, and who on the occasion 
when he met mein person at Madras showed great inter- 
est in the contemplated publication of the Ganitasara- 
sangraha and thereafter read a paper on that work at the 
Fourth International Congress of Mathematicians held 
at Rome in April 1908. Accordingly I requested him to 
write an introduction to this edition of the Gamta-%ara- 
sangraha , giving in brief outline what he considers to be 
its value in building up the history of Hindu mathematics. 
My thanks as well as the thanks of all those who may as 
scholars become interested in this publication are there- 
fore due to him for his .kindness in having readily com- 
plied with my request; and I feel no doubt that his 
introduction will be read with great appreciation. 

Since the origin of the decimal system of notation 
and of the conception and symbolic representation of 
zero are considered to be important questions connected 
with the history of Hindu mathematics, it is well to point 
out here that in the Ganita~zara*sangra\a twenty-four 
notational places are mentioned, commencing with the 
units place and ending with the place called mahaksobha, 
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and that the value of each succeeding place is taken to 
be ten times the value of the immediately precediug place. 
Although certain words forming the names of certain 
things are utilized in this work to represent various 
numerical figures, still in the numeration of numbers with 
th^aid of such words the decimal system of notation is 
almost invariably followed. If we took the words moon, 
eye , fire , and jky to represent resp ectiv ely 1, 2, -H and 0, 
as their Sanskrit oquivalants are understood in this work, 
then, for instance, fire-sky-nnun-et/e would denote the 
number 2103, and moon* eye-iky- fire would denote 3021, 
since these nominal numerals denoting numbers are 
generally repeated in order from the units place upwards. 
This combination of nominal numerals and the decimal 
system of notation has been adopted obviously for the 
sake of securing metrical convenience and avoiding at 
the same time cumbrous ways of mentioning numerical 
expressions ; and it may well be taken for granted that for 
the use of such nominal numerals as well as the decimal 
system of notation Mahavlr&carya was indebted to his 
predecessors. The decimal system of notation is distinctly 
. described by Aryabhata, and there is evidence in his writings 
to show that he was familiar with nominal numerals. 
Even in his Brief mnemonic method of reperesenting 
numbers by certain combinations of Jtho consonants and 
vowels found in the Sanskrit language, the decimal 
system of notation is taken for granted ; and ordinarily 
19 notational places are provided for therein. Similarly 
in Brahmagupta’s writings also there is evidence to show 
that he was acquainted with the use of nominal numerals 
and the decimal system of notation. Both Aryabhata 
and Brahmagupta claim that their astronomical works 
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are related to the B rahma-siddhanta ; and in a work of 
thin name, which is said to form a part of what is called 
&akalya»8dihihita and of which a manuscript copy is to be 
found in the Government Oriental Manuscripts Library 
here, numbers are expressed mainly by nominal numer- 
als used in accordance with the decimal system # of 
notation. It is not of course meant to convey that this 
Work is necessarily the same as what wa3 known to 
Arayabhata and Brahmagupta; and the fact of its using 
nominal numerals and the decimal system of notation is 
mentioned here for nothing more than what it may be 
worth. 

It is generally recognized that the origin of the con- 
ception of zero is primarily due to the invention and 
practical utilization of a system of notation wherein the 
several numerical figures used have place- values apart 
from what is called their intrinsic value. In writing 
out a number according to such a system of notation, 
any notational place may be left empty when no figure 
with an intrinsic value is wanted there. It is probable 
that owing to this very reason the Sanskrit word fiinya, 
meaning * empty \ came to denote the z6ro ; and when it 
is borne in mind that the English word ‘cipher’ is 
derived from an Arabic word having the same meaning 
as the Sanskrit tunya, we may safely arrive at the 
conclusion that in this country the conception of the 
zero came naturally in the wake of the decimal system 
of notation : and so early as in the fifth century of the 
Christian era, Aryabhata is kpown to have been fully 
aware of this valuable mathematical conception. And 
in regard to the question of a symbol to represent this 
conception, it is well worth bearing in mind that opera- 
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tions with the zero cannot be carried on — not to nay 
cannot be even thought of easily — without a symbol of 
some sort to represent it. Mahaviracar) a gives, in the 
very first chapter of his Ganita-sara-sangraha , the results 
of the operations of addition, subtraction, multiplication 
an3 division carried on in relation to the zero quantity ; 
and although he is wrong in saying that a quantity, 
when divided by zero, remains unaltered, and should 
have said, like Bhaskaracafya, that the quotient in such 
a case is infinity, still the very mention of operations in 
relation to zero is enough to show that Mahavmic&rya 
muse have been aware of some symbolic representation of 
the zero quantity. Since Brahmagupta, who must have 
lived at least 150 years before Malmvlracarya, mentions 
in his woik the results of operations in relation to the 
zero quantity, it is not unreasonable to suppose that 
before his time the zero must have had a symbol to 
represent it in written calculations. That even Arya- 
bhata knew such a symbol is not at all improbable. It is 
worthy of note in this connection that in enumerating 
the nominal numerals in the first chapter of his work, 
• Mahavlracarya mentions the names denoting the nine 
figures from 1 to 9, and then gives in the end the names 
denoting zero, calling all the ten by the name of sankhya : 
and from this fact also, the inferenco«mav well be drawn 
that the zero had a symbol, and that it was well known 
that with the aid of the ten digits and the decimal system 
of notation numerical quantities of all values may be 
definitely and accurately expressed. W hat this known 
zero-symbol was, is, however, a different question. 

The labour and attention bestowed upon the study and 
translation and annotation of the Ganila-wa-wngrahb 
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have made it clear to me that I was justified in think-* 
ing that its publication might prove useful in eluci- 
dating the condition of mathematical studies as they 
flourished in South India among the Jainas in the ninth 
century of the Christian era ; and it has been to me a 
source of no small satisfaction to feel that in bringing 
out this work in this form, I have not wasted my time 
and thought on an unprofitable undertaking. The value 
of the work is undoubtedly more historical than mathe- 
matical. But it cannot be denied that the step by step 
construction of the history of Hindu culture is a worthy 
endeavour, and that even the most insignificant labourer 
in the field of such an endeavour deserves to be looked 
upon as a useful worker. Although the editing -of the 
Ganita-sdra-sangraha has been to me a labour of love and 
duty, it has often been felt to be heavy and taxing ; and 
I, therefore, consider that I am specially bound to 
acknowledge with gratitude the help which I have 
received in relation to it. In the early stage, when 
conning and collating. and interpreting the manuscripts 
was the chief work to be done, Mr. M. B. Varadaraja 
Aiyangar, b.a., b.l., who is an Advocate of the Chief 
Court at Bangalore, co-operated with me and gave me 
an amount of aid for which I now offer him my thanks. 
Mr. K. Krishnaswarai Aiyangar, b.a., of the Madras 
Christian College, has also rendered considerable assist- 
ance in this manner ; and to him also I offer my thanks. 
Latterly I have had to consult on a few occasions Mr. 
P. V. Seshu Aiyar, b.a., l.t., Professor of Mathematical 
Physics in the Presidency College here, in trying to 
explain the rationale of some of the rules given in the 
yvork ; and J am jnuch obliged to him for his ready 
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wiUiotrness in allowing me thus to take advantage of h» 
expert knowledge of mathematics. My thanks are, I 
have to say in conclusion, very particularly due to 
Mr. P. Varadacharyar, b.a., Librarian of the Govern- 
ment Oriental Manuscripts Library at Madras but for 
whSse aealous and steady co-operation with ^ ^ough- 
out and careful and continued attention to details, it 
would indeed have been much harder for me to bring out 
this edition of the Ganila-sara-tangraha. 


February 1912, "l 
Madras. > 


M. kangaoharya. 
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INTRODUCTION 


by • 

DAVID EUGENE SMITH, 

PtOFKMO* OF MATHEMATICS IN TeACHBE*’ COLLEGE, COLUMBIA UnIVBUITY, 
New 7o|x. 


We have so long been oooustomed to think of Pfltallputra on 
the Ganges and of Ujjain over towards the western ooast of India 
as the anoient habitats of Hindu mathematics, that we experience 
a kind of surprise at the idea that other centres equally important 
eriited among the multitude of cities of that great empire. In 
the same way we have known for a Century, ohiefly through the 
labours of such soholars as Colebrooke aud Taylor, the works of 
Aryabhata, Brahmagupta, and Bh&skara, and have Come to feel 
that to these men alone are due the noteworthy contributions to 
" be found in native Hindu mathematics. Of course a little refteo- 
tion shows this oonolusion to be an inoorreot one. Other great 
schools, particularly of astronomy, did exist, and other scholars 
taught and wrote and added their quota, small or large, to make 
np the sum total. It has, however, been a little discouraging 
that native soholars under the English supremacy have done so 
little to bring to light the anoient mathematical material known 
to exist and to make it known to the Western world. This 
neglect has not oertainly been owing to the absence of material, 
for Sanskrit mathematical manuscripts are known, as are also 
Persian, Arabic, Chinese, and Japanese ; and many of these are 
(£■■■ well worth translating from the historical standpoint It has 
rather been owing to the fact that it is hard to find a man with 
the requisite scholarship, who oan afford to give fiis time to what 
is necessarily a labour of love. 
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It is a pleasure to know that sueh a man has at last appeared 
and that, thanks to his profound scholarship and great persever- 
ance, we are now receiving new light upon the subject of Oriental 
mathematic*, as known in another part of India and at a time 
about midway between that of Aryabhata and Bhftskara, and 
two centuries later than Brahmagupta. The learned sohplar, 
Professor M. Bahg&c&rya of Madras, some years ago became 
interested in the work of Mahftviriicitrya, and has now completed 
its translation, thus making the mathematical world his perpetual 
debtor ; and I esteem it a high honour to be requested to write 
an introduction to so noteworthy a work. 

Mah&viracftrya appears to have lived in the court of an old 
muoh of Ba^trakuta monarch, who ruled probably over much of 
what is now the kingdom of Mysore and other Kanarese tracts, 
and whoso name is given as Amoghavarsa Nrpatunga. He is 
known to have ascended the throne in the first half of the ninth 
century A. IX, bo that we may roughly fix the date of the treatise 
in question as about 850. 

The work itself consists, as will he seen, of nine chapters, like 
the Bija-ganitJ of Bhaskara; it has one more chapter than the Ku^ 
faha of Brahma-gupfca. There is, however, no significance in this 
number, for the ohapters are not at all parallel, although oertain 
of the topics of Brahmagupta's Ganita and Bbfiskara’s Lildvaii 
are inoluded iu the Qanita-sdrasangraha. 

In considering the work, tho reader naturally repeats to him- 
self the great questions that aro so often raised : — How muoh of 
this Hindu treatment is original ? What evidences are there here 
of Greek influonoe? What relation was there between the 

t 

great mathematical centres of India? What is the distinctive 
feature, if any, of the Hindu algebraic theory P 

Such questions are not new. Davis and Straohey, Oolobrooke 
and Taylor, all raised similar ones a century ago, and they are by 
no means satisfactorily answered even yet. Nevertheless , we 
are making good progress towards their satisfactory solution in 
the not too distant future. The past century has seen several 
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Chinese And Japanese mathematical works' raado" more or less 
familiar to the West ; and tho more important .Arab treatises are 
now quite satisfactorily known. Various editions of Rh&sk&ra 
hftve appeared in India ; and in general the great treatises of the 
Orient have begun to bo subjeoted to oritical study. It would bo 
grange, therefore, if we were not in a position to woigh up, with 
more certainty than before, tho olaims of tho Hindu algebra. 
Certainly the persevering work of Professor Raugitcilrya has mado 
this more possiblo than evor before. 

As to the relation between the Hast and the West, wo should 
now be in a position to say rather definitely that thero is no 
evidence of any considerable influence of Greek algebra upon 
that of India. Tho two subjects were radically different. It is 
true that Piophantus lived about two centuries before the first 
Aryabhata, that the paths of trade were open from the West to 
the East, and that tho itinerant scholar undoubtedly oarriod 
learning from place to place. Hut the spirit oT Diophantus, 
showing itself in a dawning symbolism and in a peculiar typo of 
equation, is not seen at all in tho works of the East. Nono of his 
problems, not a trace of his symbolism, and i^at a bit of his phraseo- 
logy appear in the works of any Indian writer on algebra. On 
the contrary, the Hindu works have a style and a range of topios 
peculiarly their own. Their problems lack the cold, oloar, 
georaotric precision of tho West ; they are clothed iu that poetio 
language which distinguishes tho East, and they relate to subjects 
that find no pjace in the scientific books of the Greeks. With 
perhaps the single exception of Metrodorus, it is only when we 
come to the puzzle problems doubtfully attributed to Alouin that 
we find anything iu tho West jwliich resembles, even in a slight 
degree, the work of Alouin’s Indian contemporary, tho author of 
this treatise. 

It therefore seems only fair to say that, although somo knowl- 
edge of the scientific work of any one nation would, even in 
those remote times, naturally havo been carried to other peoples 
by some wandering savant, we have nothing in the writings of 
the Hindu algebraists to show any direct influence of the West 
upon their problems or their theories. * 
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It is a pleasure to know that such a man has at last appeared 
and that, thanks to his profound scholarship and great persever- 
ance, we are now receiving new light upon the subject of Oriental 
mathematic*, as known in another part of India and at a time 
about midway between that of Aryabhata and Bhaskara, and 
two centuries later than Brahmagupta. The learned scholar, 
Professor M. Rarigaearya of Madras, some years ago became 
interested in the work of Mahaviracarva, and baa now completed 
its translation, thus making the mathematical world his perpetual 
debtor ; and I esteem it a high honour to be requested to write 
an introduction to so noteworthy a work. 

Mahaviracarya appears to have lived in the court of an old 
much of Eastrakfita monarch, who ruled probably over much of 
what is now the kingdom of Mysore and other Kanarese tracts, 
and whose name is given as Amoghavarsa Nrpatuiiga. He is 
known to have ascended the throne in the first half of the ninth 
contury A. IX, so that we may roughly fix the date of the treatise 
in question as about 850. 

The work itself consists, as will be seen, of nine chapters, like 
the Bija-ganiu of Bhaskara ; it has one more chapter than the Kut/ 
taka of Brabma-gupta. There is, however, no significance in this 
number, for the chapters are not at all parallel, although certain 
of the topics of Brahmagupta's Ganita and Bhaskara’s Lttavati 
aro included iu the Qanit astir asahgraha. • 

In considering the work, the reader naturally repeats to him- 
self the great questions that aro so often raised : — How muoh of 
this Hindu treatment is original ? What evidences are there here 
of Greek influence ? VVhat relation was there between the 
great mathematical centres of India? What is the distinctive 
feature, if any, of the Hindu algebraic theory ? 

Such questions are not now. Davis and Strachey, Colobrooke 
and Taylor, all raised similar ones a century ago, and they are by 
no means satisfactorily answered even yet. Nevertheless , we 
are making good progress towards their satisfactory solution in 
the not too distant future. The past century has seen several 
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Chinese and Japanese mathematical works’ "mado’ more or less 
familiar to the West ; and the more important Aral) treatises are 
now quite satisfactorily known. Various editions of Hhaskam 
have appeared in India ; and in general the great treatises of the 
Orient have begun to be subjected to critical study. It would bo 
grange, therefore, if we wero not in a position to weigh up, with 
more certainty thau before, the claims of the Hindu algebra. 
Certainly the persevering work of Professor Ihihgfienrya has made 
this more possible than ever before. 

As to the relation between the Hast and the West, we should 
now bo in a position to say rather definitely that there is no 
evidence of any considerable influence of Creek algebra upon 
that of India. The two subjects wero radically different. It is 
true that Diophantus lived about two centuries before the first 
Aryabhata, that the paths of trade were open from the West <o 
the Kast, and that the itinerant scholar undoubtedly earriod 
learning from place to place. Hut the spirit of Diophantus, 
showing itself in a dawning symbolism and in a peculiar type of 
equation, is not soon at all in the works of tin' East. None of his 
problems, not a (race of his symbolism, and uot a hit of his phraseo- 
logy appear in the works of any Indian writer on algebra. On 
the contrary, the Hindu works have a stylo and a range of topics 
peculiarly their own. Their problems lack the cold, clear, 
geometric precision of the West; they are clothed in that poetic 
language which distinguishes the East, and they relate to subjects 
that find no pjacc in the scientific books of the Greeks. With 
perhaps the singlo exception of iMctrodorus, it is only when wo 
come to the puzzle problems doubtfully attributed to Alouin that 
we find anything in the West .which resembles, even in a slight 
degree, the work of Alenin’s Indian contemporary, the author of 
this treatise. 

It therefore poems only fair to say that, although some knowl- 
edge of tho scientific work of any one nation would, even in 
those remote times, naturally have been carried to other peoples 
by some wandering savant, wo have nothing in tho writings of 
the Hindu algebraists to show any direct influence of the West 
upon their problems or their theories. 
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When we come to the question of the relation between the 
different sections of the East, however, we meet with more 
difficulty. What were the relations, for example, between the 
school of Pataliputra, where Aryabhata wrote, and that of Ujjain, 
where both Brahmagupta and Bhaskura lived and taught ? And 
what was the relation of each of these to the school down in# 
South India, which produced this notable treatise of Mahavirft- 
oarya P And, a still more interesting question is, what can we say 
of the influence exerted on China by Hindu scholars, or vice 
versa ? When we find one set of early inscriptions, those at Nana 
Ghat, using the first three Chinese numerals, and another of about 
tho same period using the later forms of Mesopotamia, we feel 
that both China and tho Wost may have influenced Hindu soience. 
When, on tho other hand, we consider the problems of the great 
trio of Chinese algebraists of the thirteenth century, Ch’in Chiu- 
shang, Li Yeh, and Ohu Shih chieh, we feel that Hindu algebra 
must have had no small influence upon the North of Asia, although 
it must be said that in point of theory tho Chinese of that period 
naturally surpassed the earlier writers of India. 

Tho answor to th^ijftiestions as to the rolation between the 
schools of India cannot yet bo easily given. At first it would seem a 
simple matter to compare the teratises of tho three or four great 
algebraists and to note the similarities and differences. When 
this is done, however, the result seems to be that the works of 
Brahmagupta, Mahaviraoarya, and Bhaskara may be desoribed as 
similar in spirit but entirely different in detail. For example, 
all of theso writers troat of the areas of polygons, but Mahavlrft- 
oflrya is the only one to make any point of those that are re-ent- 
rant. All of thorn touch upon the area of a segment of a oirole, 
but all give different rules. The so-called janya operation (page 
209) is akin to work found in Brahmagupta, and yet none of the 
problems is tho same. The shadow problems, primitive cases of 
trigonometry and gnomonics, suggest a similarity among these 
three great writers, and yet' those of Mahavlr&c&rya are muoh 
better than the one to be found in either Brahmagupta or 
Bh&akara, and no questions are duplicated. 
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In the way of similarity, both Brahmagupta and Mah&vlrft. 
oftrya give the formula for the area of a quadrilateral, 

V (*—«) ?*— b) (j»~d) 

— but neither one observes that it holds only for a oyolio 
figure. A few problems also show some similarity such as 
|hat of the broken tree, the one about the anchorites, and the 
common one relating tc tho lotus in the pond, but these provo 
only that all writers reoognized certain stock problems in the 
East, as we generally do to-dayjn the West. But as already 
stated, the similarity is iu general that of spirit rather than of 
detail, and there is no evidence of any oloso following of one 
writer by another. 

When it comes to geomotry there is' naturally more evidence 
of Western influence. India seems never to have independently 
developed anything that was specially worthy in this seienoe. 
Brahmagupta and Mahaviraoilrya both use the same incorrect 
rules for the area of a triangle and quadrilateral thaUs fowfrd in the 
Egyptian treatise of Ahmes. So while they scorn to have been 
influenced by Western learning, this learning as it reached India 
oould have been only the simplest. Thc^g rules had long since 
been shown by Greek scholars to be inoorrftet, and it seems not 
unlikely that a primitive geometry of Mesopotamia reuohod out 
both to Egypt and to India with the result of perpetuating these 
errors. It has to he borne in mind, however, that MahavirilciVrya 
gives correot rules also for the area of a triangle as well 
as of a quadrilateral without indicating that the quadrilateral 
has to bo oycfic. As to the ratio of tho circumference to tho 
diameter, both Brahmagupta and Mahuvimearya used the old 
8emidc value 8, both giving also V 10 as a closer approximation, 
and neither one was awaro of the works of Archimedes or of 
Heron. That Aryabhata gave 3*14lfl as the vhIiio of this ratio 
is well known, although it seems doubtful how far he used it 
himself. On the whole the geometry of India seems ruther Baby - 
Ionian than Greek. This, at any rate, is the inference that one 
would draw from the works of the writers thus far known. 

As to the relations between the Indian and the Chinese algebra, 
it is too early to speak with much oertainty. In the matter of 
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problems there is a similarity in spirit, but we have not yet enough 
translations from the Chinese to trace any close resemblance. In 
eaoh case the questions proposed are radically different from those 
found commonly in the West, and we must conolude that the 
algebraio taste, the purpose, and the method were all distinct in 
the two great divisions of the world as then known. Rather than 
assert that the Oriental algebra was influenced by the Occidental 
we should say that the reverse was the ease. Bagdad, subjected 
to the influence of both the East mid the West, transmitted more 
to Europe than it did to India. Leonardo Eibonacci, for example, 
shows much more of the Oriental influence than Bh&skara, who 
was practically his contemporary, shows of the Occidental. 

Professor Bnhgaearya has, therefore, by his groat contribution 
to the history of mathematics confirmed the view already taking 
rather concrete form, that India developed an algebra of her own ; 
that this algebra was set forth by several writers all imbued with 
the same spirit, but all reasonably independent of one another ; 
that India influenced fturopc in the matter of algebra, more than 
it was influenced in return ; that there was no native geometry 
really worthy of the name ; that trigonometry was praotically 
noil-ex istont save as imported from fhe Greek astronomers ; 
and that whatever of geometry was developed came probably from 
Mesopotamia rather than from Greece. His labours have rovealod 
to the world a writer almost unknown to European scholars, and 
a work that is in many respects tho most scholarly of any to be 
found in Indian mathometical literature. They have given us 
further ovidonce of the fact that Oriental mathematics lacks the 
oold logio, tho oonsecutivo arrangement, an l the abstract oharaoter 
of Greek mathematics, but that it possesses a richness of imagin- 
ation, an interest in problem-setting, and poetry, all of which are 
laoking in the treatises of the Wost, although abounding in the 
works of China and Japan. If, now, his labours shall load others 
to bring to light and set forth more and more of tho classics of 
the East, and in particular those of early and mediaeval China, the 
world will be to a still larger extent his debtor. 
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>* All th« MSS. give I he raetrimHy erroneous reading 7i“d>l*1*“I ftf'l'I^Sldl I 



wHHH^SffcR 
7I3T35F? *TRT IH tt II 
. fft qfcF$fc»?i RW HFepW H«fTH: II 


RPTfR: | 

fjtffo ^TORJ? m— 

fo yq ?q RpqtflR RfqWWR RFT?lfa I 

HT*T 'FS II K II 

wm— 

Rfftemfo R%m m*WR Kmfftor 'i 
H^Tm$Frftfafofa ftw RRft it H II 

3TR%Tff ; I 

ffrmsflpi i 

^stF<#$£tf j***j ll V H 

^qiJWRmrfaTR# ^r# m RT^rei I 
HKftvn^VWht RRWR II ^ \ II 
#tt^tr?s farngR mwfafaw? i 

RqHHr Ul ^MtR T3F cFSVJ^fW || ^ II 

* stfJR ‘ fal? I 

RRHHffaffiffat ^ frfofTWT: II \\ H 

j kq. * m fitaft j'fun. 

B and K 


1 Thi» stimM ift not found in P 
* Thi» tt*nst* i» noi found in P. 
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' tra^TfcTngniHfaifo T Wf w W|% I 
HtFlft *TFT 39 II ^ « II 


%RftfirtT?Nr 9fcTT13 jftifaftfll MS II 

WHt 93991 #F3tS3 f% II || 
^rf^^cTTF itffor ^79# f|35Flft 93 I 
f^3f^99ftt^§9F39»9FT: 9>: II S® || 


*3tftffl9*rrfo 39«T?nf9 
93?9f 3999#f9TT9 I 
TfliR ?Tir^r 

^l^TRf WN>9T9^ II II 
fft riMfNI Writ flT’TfTT: 99TH: II 


3^ I 

ffri crrr#^^fui 9>T0TH5r 391— 

fo9939t 93t 31 ##TfT*3*9 #E3# I 

~ riW: 11 n 11 


1 M reads the problem contained in this stanza thus : — 


ftmjNrfireTtHfsgTW Stf 1 

' ftamj 11 


* This stanza is found only in M. 

5 « i3%>3<j:'m|$f:Tr: srim s«iw: 1 

ft* 11 



iftffaHR: 18 

N fgipT II V It 

3WW5I?! I 

$faT-p$ra sronrct (arfaro il H ii 

3T#I^T^: I 

qjWfcwpiiRT <m*TPt ftnf^TBRW. I 

jrag’row n \\ 11 

fllBlf^Tf^nft STpTf£i?P#wft*T I 
faTfft rtfenf w «m II n II 

^5^rW^^IU[?oqicr[t ^r|^[?fon*[ I 
WfllfirgTFlt stf »W »1«KF *lfaHI M II 
flRWTfafmflTff fT*J 

W=*9T^wfW HRRff I 

Kn%?n fr??T9TfT 'arffa mFii 

if? 3 «f 30^5^ *r*n®r? h ^ 11 

im <rfMpw1 afowra: ii 

4^ci*J I , 

^ tpfyfc'rfMfo ’T'-TT- 

m,m* g*»nr<ft 1 

<53^55 ^Pp^iJ || \{\\ 

1 P, K *nd B nftlfaf fftsTTH- 
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sraT&'Rr: l 


qfalTHt it <pLI 
5RgftWc5>WRf II V* II 

^JTT^^T II K II 


^T^^iy^Jwsf^Fffnf^ % 939 II H II 
: 9^«f>r^9; ,! fFT^9fffTT^T?r^i^ft ; n9 1 

9 |c5 !%R II Vo || 


IRWTflW 355 I 

^TrTOSjFWft ffft ^gpgifor grF^T || H\ || 

9l*m%I^TWTiorT9 1 


^?^Rrfs^[%%WTRT^j 

355 RTOsofam 11 h \ 11 
fFf ^<j4 ^35* hrthr 11 


99:1 

<T^ «F?Wfl^ W — 

51 1 

3T?q3T%^P??n ^5rTT ^ft'ii V} II 

R^tfiT «n || V V II 

*rm r>oi fTfur^fu 

jtaRrmfrgow^jr 3m srctlnjft 11 * mi 

1 P anil M ^T»riTPTt tf?j yqrffr^ q r iW IS fmH I S3 TO S# #'■ 

Sv. 

* M *T^. J This stfuiM is not foind in P. 



ifMwiHW: 16 

qTWWTfTfon {^Wl I 
IpH* (Tin'JTW^^IWTT fW || H II 

1 *r; hi ^'Fjffcrr *n i 

wpJifHRsra farfsr: n u 

3T^riRT^: I 

w^crWffjrF: sr ftivxiw n «<r \\ 

F<TSW^fjTi ^Ff^TKT^r fift^fOTRIt i 
^fR^TFf f% ^5?ftgaT<mFK II U II 

nf^T&fteFrSq snST rN sr^^TIK: | 

m? 5 pr|:wf>’jor«^'jr: ^jpmsi 11 «\* ji 

WTSTfep; «R faPtfS^: I 

*?? <wt ^ffsr<? 11 a \ n 

WFIFfifil^FSr^FFf 

Hf5I(: tsfar Mf>-7n sr ^rFI I 
3TF83 355-F^I ^'OTRnV 
5T*#HFFFI>IFI T CF? Il \'i II 

?m 'WftfMI <?*«& <FW!1H: Il 

> m rfa. •-■ m m *r, 

* Thin stanza i* omitted m M. Clu> lull >witi^ hui/,i in found a? a 
in P, K and B ; though not quite oxplioit, it mention* two of thy pro* #we» abof e 
dewribed : — 

fawpirsn!!?!! 9wntffwi|F>mr wr# i 
twi 4 jr^rVj f% fajjwr ^entn tt ii 

1 Instead of stanzas 48 and 49, M read* 

T^iri^nFtTPn wm fW'TO^pn q , 
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*Rf5*U 

3r?^^qftTEr^^p(^frr^ ^ i 

5T#r?m?rw $iwtN. *r^ii \\ II 

'sR^F i 3TER ERqf^l H^RJiWRfT: | 

^3onw#rwi3qfHJR«r $»is*r*t: n <^v 11 

3Rt^T9>: I 

^iR^ptr'i tow! Tf?r%^r5#Tiii 

‘w^fi^Rwiwwr^ *$ m ii ^ ii 

JTPT^q^Tfk^Rf gftgwkfa^VRfRTT I 
3f|0T tJW II M II 

qa* ii ^ ii 

f*q|^fc5^T(WPI&*PW S?<T ?^55? I 

ii ^ ii 

TO ^1 

^RRTO^RS^RRqsfa^TOT^ II <\«. II 

»i^Rf{>nTt^WT5^et3n^- 

R^mRSTRS^Rf «RR| 

TO* RTORfflTOI 0 TffeR M 0 II 

fft W TO «R^ fRTR^ || 

1 This sinnsa is not found in M. 1 hi fl|/l , * M Iff I . 

1 m fSgir^irTr^fTOTqrtort' • ’ This stftnu is not found in M 
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n*(&nu 

hot Hff&nfMfa *tot -- 

^qbfHl Wt ^il I»W I 
• JPPfor OTR ^R. II U H 

OT>HR*°T WPf^~ 

T5fH: OTtffari* HfR'R.H U •• 
3TTgHW$OTF*Rfp9r- 

3«s f ^ ii U ii 

aT^prqi£qqHH^OTROT^3- ‘ 

wrwtf wnM*n*H ' 

fajOT HU II 

I 

ijjofSff ^T 3f^T >R3TCN flff&WlwW •• U » 
HR$ WWHW ^®L* 
WflfffofM W HfRI #Rf HU H 

aurf^rw^^ KR3T JRtTWHlsfojsfor I 
an HOTnH'Ssnwt'rt *i°R> ^ *n®nR..u U n 
ot*hs$ *rofart *rf^ i 

jl(ar^IT3«lH3H^ ri OTTHCH II U II 

1 M !T^TT &*(* ?)WW jfr: !T5T,: 1 

Thii «Un*# i* ottitted in M. ^ ^9H- 

12499 ‘ 
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p ^rqffanfT w w: 11 || 

aRsm'RW i%wifrF T%^i<fr#na[ 1 
33 $RqaiH ti&t ^n%<t ^ 11 11 

II 

wi^I sr sfrrr ^wriskI 1 

qr# #|fn farm £\ ^ n ^ n 

3TIf%: RR w:st WRIlV-TO $) nw: I 

r? rwtoissI f?rg^w T^ ftr ^13 11 ^ 11 

arn^R to TO<*??ffr#f fr*TO3 1 
R^ffiR^F W( RfRIW RN 3 : II u\ || 

SljpilTO^R— 

R# RWIRR | 

Rf’TOI?R ffn^^rT RRq; || «« || 

JWKRlifmTRIITOHSIgW-- 

ft?<T fsTTWlf^RI Tfefpj | 

rrwu^ft fotfifs 11 »<\ 11 
fl3f%fff^«rR ^|rf $wff-7ir%T 1 
tTlferlTO R1T?: || (| 



19 

areH&T?; I 

^ ^ rim? RrqpH^q; i 

qq ^-j|sg ^ ^M^F-s'fW^i 3R w«T II ^ II 

Re?R ?m ^ ?eft 1 

M '-Pl: 11 «<r II 
arei^Tf.: 1 

TOTfaTfflRpn WRT #1?^ fT f ^89 I 

jf^SmqqjWclFJ 'T'^MfRPl'F q>qq II ©«. II 
H5f^w — , 

gfTPifo tfiH gq?fa ofiq 1 

fqjqqq SflSRWlftft q'WfaHIW fafe || <ro || 

snft<RR m 1 

fH VPRI q-^fcWRFF 3<t II *\ 11 

wn^'fRsi 3 f <f , F3i viq-4qjqi%iq^5'}' 1 
qt Tll^FH *WfcinwtfH[ fl$ff$|»t II <"i II 

«T5n^T$: I 

f 

ft^WW^TWI q^lf 1 R '3^1^ W ^ 3 I 

ra jw wm w sH ^ # 11 *\ 11 


1 m fwm jwiw- 
» u vjmftftofc* * 

m, imto '$ JT^ftvyHT^ to M 
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rRTT fkjjojijj 
ft II 0\ II 

<1 


?w^^^sTT^?ewrfs^orf3r^fs? ( iT^»rT*riR^TPT- 

^9— 

qqq: || <T{ || 

*raltw I 

fefogonfcw ^ sr *r°re> w<n*T ii <ro h 

Hqpmg t 

amf^gorHRqfrqR $«ra ^ * w^iw h <r<r n 





f^ir^q^r 3^# % wimt 11 ^ 11 • 


i 

JT^RcTOWt ^ gfl# || ^0 1| 

>u jwirgfit^mr:. 'mjhi 0 . 
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fat KtH: I 

m^'Ftfo *nr 11 \ \ n 


efaf^Tq;: I 

<?^^H5T^FI^^5T’ : l :i rT i ('TTFI , I I 
e#rTpTi ^qqrrwfa *rmusw^!T *i>w ii ^ 11 


ai«r 3jom2nRT|^!rrw^5^>i 



^f'VPWH I 


^#T3#IH7R WT|#i fasriHfatg || R3 || 


TT*r^#w^'7f gopjfam ifaiffat w i 
^fWTlfaTW 1 ? II V4 II 


gomffrFT^fa p-i wqfa i 

fT^JfJTtri g#r fcl'<J II V' II 


g'Wfaw?<»l , J I 

g^fatT RJT'W I 

q: m n *U n 

o 


yW M lfefarefi qFT#wr*fa ?r 7q nr - 1 
jr^smgoFFSTfiT g%T II II 





yww wTJmfni? — 

5°rr# q«rr wij gdfr ^ i 

^^i^i^cTrqjq qaiqqfq h ^<r u 

’TWTf I 
fHTW^fggor qqqsfq^: qjfafu 
qifq^vrs'qqq: ^ Crr: 11 ^ n 

1 % qqr qf^T: I , 

^qqqjq-t'X^Tvrsrqj^^'j^rriq n ?°° n 
joj^f ^5iV{i aRqqfra? — 

C\ 

aiwsrqr qq'isi aq?a qq: i 

^^"MTagqiqqiH iwr: n 11 

araiVa^: i 

*|»i w i^q^i^xnRr g^ i%*r n t>^i|i 

goRT^qq^iq Raqij _ 

tr^fqqonv-q^ smq§q ^MfPJi fqfR | 

3TtH gora qgi<q[iqfqrN?; n \ o ^ n 
arauw: i 

fa>m r H|gw wj HHcgqqaaafr i 

HHwr aj'f i%q?q^ qojaf, jprfjtqoi n ^ 0 g n 

qaiwsgofl^ wfarc&R*not # 
eHrf^'fqgot ;mgT<?M*ir^STqj 


•M f, 



gw 

ws$-. i'7'ii'T ii \°'a ll 
flf-isr WUH? II , 

sqfc-pf^ I 

3TCT ^'3IfJ5 «PTT - 

#Br*ffa 5# Tf«ft E'llf-i I 
^e^giora f^g q h \ 0 $ n 

EOTFrfa? 

Nh* ^nf«T fcanfega? 1 * 

s^fS f RfSlVfl.'IH II \ o.v9 || 

sgfsFfeasRf-T tf'leq^R 

^ ^ ^ — 

SB'SRF EI&H c^^fsri r\^ J|0trr>4 '( | 

'4jqq^ 3f!-w i»q ll \°c ll 
sTm^Rfrai^^a'i 
H^2|di^jp5^TT|?[; W?: STW | 

*11^ pr« Ilk II tjo*, •) 

goisgf^^r^^^Rq^q- 

qqtfl crfo Wu’w-w'^ i 
?Bq#W2trriffi2> 01R ™ ^ *9**9. n !!! ii 


• m irf«r?f. 



u ntorcrew 

t 

*rw i 

atf 1 B^^'?5f ^ f%5|f^[gt! II m II 

'Rift'S! smta 1|fc 
T? W BW I 

pnfa^ 3 

SRgtf ff? w *w- fon* ii UR ii 
'T|*q|;T[ *ro: fgJBRTH^ I 

?? fPIPfr* 1!353*PR II \U II 

^|ff mj 

ffiR r% ii U» ii 

$ft- 

qpjq 'tfs ^^T^ffsiq °qiFRR 

^oi^HRIRt II U’A II 

?fr qfP^f^TRCT 5f%$?l OTIWUI 

sft flwtffc *rf*iWR> mI 'jfaftrw 

*q»ll 51^?u: «RH: II 


‘MSf. 



26 

Hnwift *ff«r II \ II 

• ?_ 

fir: ^ ft«w h 

f^t?TR^3: I 

qq Hpoitfq qqi — 

?$feq qfe fat? I 

qrqqq%fafa?W-I q fTOPpr^ II \ II 
I 

3]0$j|: q&q SMq • 

ff? *r <q fajto q^iEHtfa ii ^ n 

qf>q?q q$*q$: qot*q FffllOTRT'FI ^ I 
qq qqf% qsq q^^RT^ 3? II « II 

qw-qfa ®qq {qqqqiq w fq^q^qj: I 

qqfq: qgfy|ff$: f% *HR»l^«H II 4 . H 

W'nifq T T®I ; T q|aiqqi^q^q^,T(5I^ ^ I 
qq qfi: q*$: WW *f T% II <\ II 

sn-Tq] ffqqq^qi^^i^t- 
fsq^qt sq^qi f*r; i 
q gq ^Tq?P ftTO 
fT?- jpi^r ■gqj£qp ii » II 

?fq fqq^oi^iT: i 

' this utauz;i woinitM in I’. ’ ■'* *^' 

4 



26 JlfaraRSf?: 

I 

a^fi^srs#? ffcn i 

jrfars&*T^ fr^s^r ii <? \ 

9 T?T?^: | 

Tffi: WI$foq '70T^^I?r5I^> 5TOJ3T | 

[sritfM? i% qfr 55 ^ n «, n 

3 TW: TOIsfa frfR TO ft#^TFT | 

m gq$%q q&r f#r qq I! \o || 

3 T#?T>F[: | 

flTOT qq qfa f% qq || \ \ || 

Sr^RTfT ff TSflqilh 

f% m ^ 11 n 11 

mwR; 1 

'fTOfafy^RSRfSg q*OfHq qqj — 
?S^I#?W9?qt: qq q qqg^q t 

<T«#fr>T?rft rifH 11 \\ 11 



2 ? 

I 

^TmWfl^TfTRf * ftfifiFfRII ^ V !! 

• • 

Mfcroi^V'iUvi 

ftnmfcforc«T ?*w 1 

7? 

a r »nrauRwi 11 \<\ 11 
’TR5TTO%?5t»Tl’rR} 'T^Tffffrmq I 
■ISflWIPTO =3f 3#^ JIORJ »TW sftER II U II 

R# TRT^t #^1 ^ 

?Nf $5 pjawi % im. 1 
sqg'RRi: <WPi1^n*lT 
ffij ft q **rf* **> 11 \ « 11 

ft#WRRT: WsmH^HRBisTl: | 

€UI Rtpnfal W* »W «RH II K II 

{^qn^m$i:?pror 
fcgafawta I 

'ftRW IT^faR 

spTO faq fPRJ^ nfor^T || \% || 

qqftowBf**ras*i m m <RfR i 

’ *^*?TRTWf falRTTO WHH II \° II 


M SH*T?TC<JTfa W II 



28 irlWireW: 

3? f*R I 

*fM II \ \ II 

?fa f%^3f^spnPT^!TF II 
ftmp5<R I 

ftSflffpR m — 

faw *wqfff t^rhriM i 
JpWRF’lR 5 rR fa faTCTJlSR || ^ || 

*T*foT<F: I 

fS5^TRf qRfef^CT|5T]jff ^ faj | 

ii rfa ft fat fafa'rsxjw % ft fit} h ^ \ n 

3TTFv SRR *rafoP»*W ’RJJRT'TRRt: I 

ssr fgftRrcr fr HR: 11 <v n 

fS I I^5jRRTTR^7ER^'RfTpR^?T5fg — 
'7?Rs^J?rR5^%5^S!^ff w’lRT?? I 
h’Hi Hfi ?ptt ^f J i^r?(f ii w ii 

I 

1 ferot $wr ?r? 1 

^ II ^ II 


1 This stanza is not found in M. 



mimzmt-- ^ 

HW Wpmi I 

^ 1 

*q^3*wrc.it II R 3 II 

arsil^T?: I 

fS^^l Wlfepmlwi S J 1 T<W I 

T^l *(?; N q;mg<?q^qip wk ii \< 11 

' Sg-WlffR-it r^JTJlf^^kHl’TNHRlffS'WI^IW 
n5fq~ 

?efaq*e*R fei ^qmfefr w: i 

^rwnor H^V^WIir^gf^Tj^ II II 
3T5flt^T^: I 

H*T^rU 5£<t VR-i: I 

|^3T^qfq ?fra?3>>qq *W II \° II 

S^JRI13!feoJ5Pn^TlBl5RT «R *V3? I 

fart \ flfPTTB: qfWfif H W II 

‘mqi; fg^T: H^-'i'i q'SgfflWffa’l: I 
'-I^RS glf^m*$|STWI II V* 1 . H 
’ — 

J55 SWR qq?* II \\ II 

■ m ijwtrfetrRwpra; 1 " M 

•■ >1 ijwmrg^TPjr:- 

* This fetanaa fake* the placo of si mom No. 31 in M and * * 0IU ^ < ( ^ 1 
5 Instead of the following two at m/.&fc M rcid^ ^TtW 1 SIT^rf^n ^Z-* 

t|J and Repeat*) stanza No. 70 giv* 'i m;*h‘» . 



so 


$T?#T fcT * || \9 II 

faftSTO I 0 

tstott m %®r^Tiwrf?f w 
^TWHHiw#ifa?<n fargfa>u 
• ^q: WSW RTTF f3 sqBWfr 
farenfaTros far sr? tffcpfat; 11 n 

anfwpw^ra.— 

R>$q??55tR SFTC: II U II 
R=nPR>: I 

% 5 ^Tf^NT^- I 

fafT ^ *? f 3 *PPT* II ^11 

*m— 

5WI?q?R iR^eETf fcgfaFWfa: I 

*w: n k ii 

3TWRk I 

^j^gon^FTW 5qRI5tl> f* ^ fa I 

ii ^ ii 


1 K and B 



WlWloiWSR:- 31 

qvtr- 

wgufro l 
ftroflw «° H 

. ^fl|^aFTO ; TW ! ^ ^i^rirw ^ *!?*&"- 

’ jprflffs^Tf^w^ mfo'W'i 3 °w ; t to i 
^oppr graw 5^3Fhr^ij^ < T to? ii 3 \ ii 

3T#WR>: I 

wffSSW$ : TO* W^’F’lM^ I 
gotflfi^r jRqpswT ^r^r * ^ n «* " 

P^FRlfaF # 11 ^ 11 

TO!?^Tf: I 

WTOTlSgTOlft ^tTO 
*^q«P£Wfaf<Wt I 

3t?TTT% ^^TT% 

§tWff®TfaTO?g II 3 8 II 

fft finmf^ toth* ii 
fjwsg?*^ *W$w TOI — 

W«W 

oyqrfca * II ^ II 


1 Pound only in B, 



STJT^r ( 

^ wvfrmz m ^h \ K 
yvjm? *n$ ri* ^ . 

^ ffr?|| 8vs (( 

mlhr*: i 

™ '^* lm ft Wm „ sc- 

ximri9 <?iisr: fs^, „=,,^ : ( 

‘nynw, H n 

MiiSf^pr; ,^ TwSr ,, f , t . t 

,rai ’^' wl >Wl^ „ v 

, '' ? ™ tl ssr V^iHRr«PT^qi^ 

7 ? f%r: <?rf: | 

^r s^: ^‘ r ^ ^ 
^WR^I^WWl^,, ^ „ 


^^m~^-. mn ^ ^ , 

S’™ «*««*** *ra*% » 

*M** 3»fa ; . .vftra-*-. 

M Wr sj^feiT toi 



WKwft«KHK t. 88 

fefarwfarop fe- 

g®NqiS5 ^ Ht: I 

* far T?rci%<m?F(- 

B# 9T«T3SfaW? fa?. II M II 
5ft farsgffi&r iawTH^L n ‘ 


?fr: V 9 fiWlflfmsfa»IR: — 

jTpmprm Jnwift 

’‘flni-p'?: qfhftftft:?r: I 

JTTTT^Wi? 

qswFRfcfsr ii w ii 


^Jfflft: I 


^ JTRRFll Jp^ORp w — 

faft^T?H! flpftssftsrt I 

ft»q| 3 Tpq} 911 HIJRTFimt II ^ II 


‘ WflFFfar — 

IfarrcfajRt S®91PT fa>'?: WK. I 

s*r! w- ii ^ ii 


1 K and M add after this rft HR>qff apwRTfor fft fjftpmi. 

This, however, seem* to be a mistake, 

* Thi« and the atanea following are hot found in M* 

6 S 



arsf^TTF: I 

arlff^^IiTSl^Tt^WTl: II »V* II 

qqWTCJ 

WFFi R#T f% V® f? II S< II- 

STWW^T WT I 

^ RfftR II ^ II 

‘ n: I 

T %5TfR3l5)3Rt{f^TR^MT|WT^m ft *3 RRlR II i° II 
<^$fftinWgn?JI&FSft$l fW: | 
frftRRWWfti: SI?Wlfn: $W: II i\ II 
WT9l^: R^WRRW R^WISR: | 

r^tcrtw'w n#R ft ^ ^if n n 

3 ^RRRWTR«tfR l * * ftE ftRRfiq *rn i 

o 

^TOTi?55ftTWR$: ft Slftf || {\ II 

' RTS RSfeM ft^fftlSSFR RRftpm 
sfe RSTR ftftfflflSUft ^RS^R^J 


1 BUn*a» Noe. 6T and 68 are omitted in ]\ 

a Thie Btanaa is found in K and B. 

« i iRnta* No?. 63 and 64 are found in K and B. 4 U ^R5. 



WKutamR:. d6 

fsR«*{H|$JTWWNT- 

ftcU?! STT^Wt II <» II 

' are^g^l I 

** W*Wrfl5fPRT»fJWT: II ^ II 

‘^^frsromfeTi ^s?r i 

*to m fTOFiw 11 {{ 11 

<r#T#3TH 7 q cFHPl srqrtcRT^rftflfeW I 
WfofFH WlWW^RTfttfT ^ II i* II 

ftWtw i 

II \< II 

^nffyr^fan ^ yww TOMI 

fnWRfflt II H II 

sqf^l HWfcT'WmqsmW^fi 1 HI fS^H I 

«*gjl HHFTOSNfcTftffcWI » v »° 11 

?FT T^T^I 3RTT ^I^TtTH *5? I 
SH^cq tgsin^esg 5TH3U?T^1^ II *\ II 

f 

arafaiif'wl £*!-- 

qgj&HtWW: II II 

1 B fiRR. 


i This llama is omitted in M. 
l This stanza is not found in M. 


• K an.l B 



36 




mtor f’Tmtmrfnllrd trnM$F- 

$*tr- 

Wfl^TOgfrfcr^iteT i 

^ffa^ffa^qfefts*stoT =q?iTfl; || || 0 

STSTltW I 

^^ff^T^^TpTWRf I 

^TRft^S^fft MFT: Is 5T?FF: opjq || >s8 || 

fr?RTft ^9— 

^RTOTPi fTp JK^T: | 

T^3q<^WRTf^?iTT TO W-k || ^ || 

3T^W^j: I 

'Wt *T#ri ^RTRf gm&r^q I 
qooit HHFrt qi £ fRj: $*TC mw II ^ II 

s^tt^ttt frarq-- 

'^t^T^T^fRf srr^TT ^'TItTF'I qqpT f*|: I 

?amwF<wrc$ to ^ II vs V9 || 


^l5n*FR*kTR} %R> TO ^jj_ 

qqq^q%^: H^T$TSqjp??fq I 
^ ^q>OT qft-|| >s<r II 

3T^RF: | 



qj?*‘ TO: nqVf: % ^r: || ^ 


II 


* b swwmrcfftt HtfiejiHqjMc i 



8? 


^ <53 srepj— 

TOt fl?> TO: Wt$R RTiUTTM^TfT: I 
<rttwnftf*lPlS>TO. IK'* II 
«T^T^r: | 

$;wteTpi 7 TsfM % f n a* i 
's® q fram* n <?\ n 

WTRTTTORTFTI #T^T US5 fjffaWT fjfl— 
?BTO SSI# TOhTWRTi *PTT If r^ffr: I 
{^orffn^fi^m *Wfr Pfe II €\ II 

apftfcw»: I 

^fRt % m\ as? i 
smriHr a ik^ n 

f^TH^^TR srawi % f 7 r a? i 
apraawaTHT fcrariCT gft*p^r n <rv n 

nwifoisiT ^t?to 
fl»in??l^fl^: * si^ai^ai*#:^: | 
«55tfWn^r wfonjfSft f*1 ar W' it ^ i! 

3T5nf^T^: I 

wffafaafe&l ^ TOrt t TO§fif: I 
aftfl ^T^mi «n <a 11 <\ n 


1 Htanzaa IS and 84 ara omitted in B. 



38 

Nfadtwr 

^*1— 

’SBgoircfofqfasrp: ft p: 'FSftfa I 

?srwgrfW p: ??rc 3 crftg?i<t: n&w 

spflfcTC I 

JCTftfiptl ?I«t: fSPIT ?R5i?t g^: <tt?: I 
«TI Hp^TR^P^r^T% p || <T || 

^IJcfffpRT: 7Tf3THfp: <H55Rpfa p; | 
^TJIPUPKIP || <^ || 

SR^TO I 

P1TPF7 *\ fRMl^T ^!%: I 
T^HWT *%lf Wt^TP % fp II V° II 

<K 

3T^T?^m^7t^gTfr^fp; i 

TOTRT PRTO ^ #41 || ^\ || 
?3^*qRP>f#RF # ^p'l 
tf^RPT^ff p #«#f 1% WH II ^ II 

Hp— 

ftvq: ^c5Tr*T%vqt f^Tlt^^T PIPT«IT: || p. || 


1 P and B add as another reading. 

g$ <KrPvm: wm l ^a) ftfeafoaiv ; I 
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3T3ft^T^: I 

$ *m: < 555 $# <wfoTT si n w n 

M(tfTO8EqhT9I?W 9)55 fNft- 
=<?tft fTBtfPTH^ * 1^1— 

q|N<T$5P3r?W 5R Wf^fTiRfRf: | 
sbKMir >p5#rg^BNuTH wra; IK'A II 

TOtas^ftftRiiTORT wronwft^Ri^ i „ 
JTPTW^RtSff: «FR 5T|»n^: ^ ^ II ^ II 

STTf ^ < ??^f?l^FffH^T5Fg < Tl3i>ri'-^TRI^ I 

WHRTWWT: *rfr HRf^: 95$ ^9 l| *>* II 

^Wfl I^RSf^TRSTR^ factor I 
q*H?RTt R&FJTTOR TTf^TI & II «.<” II 

APR# I 

jnnqmHi*TRisfte!*9— 

a^TRT flf°T*T ^I^T°n q qHRSflrfl FTR I 
WT^S*T^T?Kffl HRFPRFTffcTT II II 

srpristt^r: i 

^qi4 sq^TT? s^TNH ?c5nfalfeT9 1 

II \ o » Ij 
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■flwwwnt: 


\T I 

II \°\ I 


^trf TO #R? f»#R»?5*pJl I 
f%TOT Vr%j 3[r| ii \°\ ii 

SRT^raft WnFWfeT^I 
fsfajTTOmfet famfeTOfeTO^ II \o\ || 

?p*t ^ots^t spr'Snrfrfl^rc 'fr* i 
fSrcisqw <M st? f% ^«rq pro n ?°s n 


, * , nOTRnpim srakrrfofrsBTOW: n n 

^qi^3^qK^T2TT , T: W3TW fawfy I 

HW^fl SPfafrr II \°\ II 



HRqpq^ HTfaftoT m$ I 

5*tr qfteg'ra toto} fr?frrfP3; n \°^ n 


awl^Tfi: I 

ti^T: $?rfa^T^mt^5»fa*ro: 1 
TOfrnmhT: <$$ ^ ii »o«r n 

«(*-!<+>( o^rfiJ^CR^lf 

vmr pti^brl 'Rcw^ft sift&rr ^ i 

ffcrsfa II \*K II 



41 

TOT: I 

fRRlf^TrS % tgWFTI: || \\o || 

• % 

«n*wprapn3^TT: i 

^?WlWl»?FIf5!Tft^mT<T3^f^Tf^T: I 

ii u \ n 

fiftwra> fe* s4 ^rn i 
IS^Tt?^ RTOIttftfN A? ^ || \\\ l| 

wrwn’rai’TRrft i 

HR?.— 

TOrcfafcn* ri#t i 

'wwfaT^^Tga^^FR-w ii HH ii 

JRTTPTT'FFR ?&T9>: I 

' n^ngq^: i 

RRTB^R^m^f fMrciNu fto ii \\ 8 ii 

% 

Rfsf flTlt$&TfS#PT I * 
ffraW 5i*qf stfft 4ft fspmfci ii \ \^ n 

o 

‘tflOTTSf RtSTTR TfST^TTWr 5*T? I 

r 4 ifcpiwfar m ii \\\ n 

b nti» goptyiforfft Hftrifjr^T . « m jH 

This stania is not found in l*. 4 This *t«u** is found junior in Y f 
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siWPIlTORt 

^ i 

JTPif^ORT eRPT (TW II u« II 

*jtitipii3sr i 

5P^7WT3® & «HfeT$tsft ^ I 

5WPI^8^1fl ftTC't II \\< II 

qcqfDq^/tq'T^^^^t|ffI?fTR'ir ; T I 
jpj q*qqms'fom^Tmtftfa<TI^- 
vjq ^ fsR^RFfe f% <Tfft II U* 
Wpfflftfl R»PT#R *Rfa<T 
fg;jjor?r^4 Rrem^p rariftfifipra i 
qqqqfq xf RrepTra^ww^ 

fMrcssgj «fct ^fm farcifara 11 n 

FROTlfTlT? HFRK wfet 
fasRS’KITO fTR3>*T9T l tfq. I 
^urqfq wq«(T%*n»t 

fqtj ^q*| H«fJW?r ii W II 

55®qF'Fl^ q 'RRI ^R'ffaFR ? ' i f c 15c5*R>T: * 
ippT' R«I«WRTRSSTRfaT*Rl»>rifa II m II 


■« pqcnrn«ivffpfi^:. 



araffcw: i 

^TTSRT: I 

•pqfiin^Tsntv^i^- 

fflt fft % II x^l II 

ad rrr^ 9 tw qqisqTfiqqt far 11 11 

$T TCWpTTsqTfi^RHqqHqq - - 

^sqir^qqiqfwqf^qs^nRTi^HrEi: i 
1 ^q^rr ^fqfiRrc£e^ c *faftqNTrc*q: h \\^ 11 

ifq RiWR^Rffo i 

m qq? 

Riqprarsqiftfrqt i 

' JoiqishT^^ftsTS^fFI^nq [II II 

^^wimi? s\w : i 

iqgqj^T^qt: qiqrfeT^ramtRi: f 

fwm q# i% wra; ii tv* ii 

fSrTfgm qq hr qq rrr; i 


1 B 1 
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qwq f?T>i II \\< II 

vrmTmw i 

fejformPW^TreRTfitfHmq; «FT*T: I 

WTO ^ II ^ II 

^HRT^TOre»t?TaR^T^t%Tfi: WfT- 

^fS^Tlt , ?^RT^(lf<T: WfWTl^T - 
fl^^fTS^^q^TWtf'TftTfftTWHJTT # %V ft? II U° 

3T<t 5tTS'THlJT'Tf^Tf^#^!^q' PT: . 

^*fcffaTT*T flHPTN <HigKmif5r4 

$fa fff qftspftsfa qfc v w^rr? 11 \\\ n 

aTjn^sJTrBWTpnwg^H— 

^srir^qrf^Jir ^qpfa’raif'raqTKt: I 

jprej: n n 

3PT^: I 

^IS^T^r ?55TC9T9»q>»qfsft: I 
^Tte<TTt ftW^'Tq^t: 

£ II \\\ II 



^Tt '3fN> T3RT ^i 53T1 TfWT[#KUI W'i II 
^%?TO*TO«R^- 

^amWITR^S^gfafTTWR^: II \\\ \\ 

5RT WNWl: I 

>n>iiJT^Bi»nq^t?nw^T5qTFHM^5TFr5i9- 

^BRTIT, S^SWffafeTS H% I 

iriir wst Hi^i^mf: 11 ?\i. n 

3T5f[?^: I 

^fa^Tt^T#: $farTOPR$fr) ^ | 
f^I TJ W^TR^ ?p»-?q faq II ^« || 

TT*RT^!I<tI fjjfj 

TmifcfHtftrt iwfaftTfrwjsrHt itit i 

ITT TIJ9TTWTT 3Tt:f^[ TRT: II ? K II 
*wfaTC: I 

s^t: TTTfS^^r TTJTTOWr^W^? I 
q*pff<T HTB^F im«T &Vj II II 
ftsp?®# ISTHTf 


P, K niH B for WT. 



& ^rawW*nfl5^0 ii ?& 6 1, 

^i>i«?rj3rnt: i 

^ ^Tl# *n?tfftprpfa ^q^inqaff 

*W frftoswflTOWw ll 





4 ? 


• fsRw qsrCiR i 

*«m»r*W3 qqflfo *iw™iVnt^ n \ n 
'ftBR^qwrpr: fas: <WISR*TOH: I 
forrc^r rVr ^iwCf?! grcgw: n 1 11 

pr: ^ wq=^ f-fn^q^r^RR^R:— 
qpr^qr «pF Vtrs 
*qim snfi k fsfflisT^ i 
flRi^qimsqisnqqi;^ q?r- 
faw ^WftWW 75TR; II i II 

qq qRsnj^micqi^qR — 
qpfN^qqrfi ?M w«?q i 

^Tifa^qifftffw sjrcsnfamT n s n 

qR5TRI5?9J^: i 

zz\:%k gfa*?i R*q«i >t^[ «w #t i 

<TI?|^T: s^NtIS q?: R**i: HH ?R(: R’ll \ II 

wnt: i 

^gyr^STT^t faTTSiUffift 

(T^qR «TtPJ 1FT wft 5Wfa *T W II i II 


1 11 and M omit. thi« i»tai)7.a 
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jgfarajjsrc: 

’jsrt m qg«if f^^fsr^ifr s^faRgR i 
srt gq ^3 5^ fmsr^Tf^l 

Tkf^^r f% fTfSRIUR II vs II 

ffi^m^Tsfiwng i 
tftegormwRt ?qif5nfei1pfnpRig 11 < n 

fllfJTt «f? KRtftel Sf#: I 
«»W«ifWteq fefTWKfrerqi^q: 11 e. n 

TOitOT qfcp^t H <R qftl%ef?: ^TT?R: I 
Rft tfhfiSft qjffoatel 3 R$ft fqff || \° II 

RRRRTfTS ’T^Rfgi 
#RT«T> JRHforrefTf^i: | 

'O 

?R^RR<lTR<TMc5RfT: 

*«ro £fF?fl^*ng q w? 11 n II 

'Kswswt spjRRjqfasp i 
Hf#i?q?ir qg c l: fp 5 rnH(Trw??r: n \\ 11 

ffaPPS R%m1 !# WT q^RR: | 

qqffcfa™ m$M *n*ftg 11 \ \ \\ 

RRTfl#fa: ff q^frr SlSRqRRR.' I 

RRtftws; 11 u 11 

&fc*Wft«Wt 3TRR! | 

qR«n^Vr gfrercrareq: sfag 11 \\ h 
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*ilfir q?fa qtop ti U 11 

WftRPcW^ qffq'R5^£7HR^t?JT^ I 

II ^ || 

f|tflp;qq% g>|3 HiqqS I 

qnWlRSf^^T II K II 

qi^RsrS^^Pl ^)RPTPPI?R^cT3q«TT I 
a? iqsrqfon 3?ffr *m1 tfipug'wwi n ^ 11 
porq^t h’pm g^pn^ftsqn <^wit: I 

fimtqqf Hqffai m^rsn&Ft qiqq n \° n 

qfqpT: ^qiqW^TTR^nlftTwPn: I 
qzqfpJRpqW F# FPfV fT^TFFT: II \ \ II 
^fjrqfes^fif^g^i^TR fsn% i 

?pqi^wiof qqTi<fo gpp Hwi n \\ n 
1 q^Tf? q$fe%JH i 

SB fTPTTBT^Ttsm fS* qt^TTJ afar: II ^ II 
3j£STRfrawtq: q^jfari faq^qu^tw i 
qrcsFjqTiq^rq: PiqqfaTtqi ii q» 11 

qis*q3Tto>9Tqi ^wrHfar^ qgq?qq i 
q^m^Bi 11 \*\ n 

f qq%3 q iwroj i 

qq^qt^yq hpw p wj: n 11 

- — » 

5 M roods f^3C'. 



sbi wrcf 3 ?q w& ^ n ^ h 

?c 5 ^ 

*z. awtar Rjafam i 

RRS'rf JRTR^g >FRT ^ijRf 

5rf^Tf[ ~'i ^ 99 m 9(fft*q 99R9 || II 

?fr 'TIW^ST?: II 
SHRim^T*: I 

B?.*ipnnjrmr ?rt itvw 9^9 i 

f§s?W? 55 TR 5 Tfl£ 3 TfR: f 9 F 9 ?T: || || 

$taiM #9 fffR #tst 7 R^i:afiq; | 

fRT WPIHW 9«tf<fcR%Ff II 3° || 

prfr HRrsT: ffw vmfwi’hwmn i 

RRf 5 tT«TRT| ftpR 9 FF || \\ || 

559 q>5BRimT?55n%^TR I 

£twt sj^’t 3?: 3 r mr ggr 9 gr grr^T 95991 h \ \ u 

?Ft FFTRPjtsT^ II 


3 T«r $ 555 ^ $ 5 R— 


955 T 9 fa 995955 #: | 

^ ##rg ^RTffl R9 ii n ii 
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srer&ns: i 

FIT 

^ f%y i 

%fn%fTT ^ FgR<f # 

s ftr IfT FT*?^! RF^F II I « II 

?nai ^ rfirfittrtR'HT i 

st^T: FFI 70T 3F§<^ M-f F5TRT fR*J: 

<??Tfir SgT FT FFF FF IlSFI HIRFI II \\ II 

cJRFF>i fflTfTHf ^>|1 

rcwi^frt! rh *rau% fs! 1 
fmfamgFPT: 

W\ RF F 1OTI I$T RRTP II H II 

R FF #?f?IF F!®I F51P *&( I 
f?#3T5f sei FRttFiF whr ii 3vs h 

SFSF5PTP4 HfFTFd: H’FmWHR I 
FP^gTIF F v ffl F5 WV\ II K II 

fflfcSW *55 FT^^-TP 
<W tpTRT fRISfmif I 


1 £ r«;idb JJP^. 

8 B n ad» iff?Tf:. 


* ii r«r,d» % f iW*rr grwropj i 



3T5T * VWZZ 

rTcPfafw Wq faf II H II 

gpr# II 


m ^TT^ntr fn^— 

q^5R%rWiT55 3# I 

g® htw wig ppt 3 wrFTFfqfa: n 8 ° 11 

3FT&PF: || 

qw-pq q f^npir pfi i 

X vj) 

fTTF Ff IF^PfRt ss: qtffe JTFT: II 8 ? II 
fq^fF*r$N ^FfWiqfertgF i 

amfFFf qpFi 3s ^g?mg<F n n 

9FF ^TWr) <J55 FFOT J$jFSRT: I 
>F ffH^ mil |55 1 TW gs II 8} II 
^ JTFT: ^sqpqqqqfaFOFqfERIT: | 

II 8 8 II 

gISRTrFF’TFI g|^%ff*Traf5T®fsF: I 
gT^T gqq'T ggT: !%q?fr gf^q?? q%«ftn%: || 8<A I 
<fif ^ gqrR aft 
£twt ww qrfarr iff i 
g^rpr *f AwfaeF 

qfeg ^ {gr?i: frqF: 11 11 

ft% ftqgssr#: 11 


B ie»ds 5)^J lif ffcHJoj. 



JJ55 ^ »I^7^RfI®RKTOW I 

q^im^fl II «« II 

Os ®> 

3T?l|^: I 

iTg^ <^n Z2- *3 ^ I 

5fasq$TT *J3 Sl'^TSr^ pN ? 'T : II t< II 

fosrwt^ 5^r^«it?r^Tf?*n#cn: i 

W ^iflSN ^ fatW €&!'■ II H II 

Cs 

c!?«I#ofig^ fgHWFW zrf 

$r<n: T^ranft^Tfcw i 

% rflfll ^ 

?^5BW w#r m: II V II 

?m T5TH^igS5TlW: II 

snRrg^Ti^ hsth- — 

WTipTOI g?5ia I 

?Igs<i w?[ W II 'A?. II 

»jsrg— 

^ gffr?ro*n«T*T ^ *Kg II II 


B read* 'TO, 
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’Tfarcnww:- 

3T5fr^T^: | 

3f£ I 

'Tr?^T]j55qf^[3T ^5RrS>r?4 || «i \ II 

ftf^TOT *F*T& fR(T??f q^r: | 
ST'Tf^bm ^ <r r |wqi^ II II 

TOT35 r 4 ifffi fecfy: || 4 m, n 

3>r?iErpfo$ , . , T?ift fen 4 ^n#55ra^ii%^ 

*n^«^lf^g»i55 $55 | 

Vi f^q-JTJjfCTTfT em ?R|f f sr# 
^ItfTH^g^snircTqHqf qqpjj ^ || ^ (( 

II 

*W HPRMsTFfl 

^ri^nHffrpfg^on’^ui ^Jor ^fri^ i 
$<* ^ Wpi-i tf#? 5Tf® f^fT^ II || 
aTSTT^PP: | 

3tf 4 ^i?3j}5m srn^i^: | 

sft n%: 1%^ <f? II 4,<r II 

1 B ro,uis ^rrrj. 

! Al t '"' this >,ani '< a' 1 MSS. Iisvo ll„ following .ton™ ; b.t it 
simply a paraphrase of stanza No. 57 ;— 

^3tfrcl^T3rrn r ?*i5Ts?rjrrrrT t 

35#^ ftwtq n 
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ts t 

faifcrf sgowia i 

(t^RT: ^FWJTfl^lR #T & II ^ II 

3T& tsrrwr swriv 
falWtofWl tfT: RIJR I 
fsrfatPT *T$ ^! |%R: R 
hr qnf m r*t ii $<> ii 

?r% upHtafarift: n 


iffafftaforaWI <j^~- 

^wqftPR ^ BCT^ I 
^mm^rWrs M t;s ^Tiir^q h \\ n 

' ?Rt?5!7 3?lfTT<JR I 

«nH°IWBRft 5^1 *«ffe*n *R W I 
qa^STTJI f^lRoif faRRTRP II V v II 
3R7RRT 75RI fgRRR: 
tfflffop <&RR Hgnflsft I 

s3 

7*fR TJ^RfTF *PT( RH 
1 

fw pji:5f *RIR ?faR: II W II 

5 rr$rr 3?R'°ra; i 

M^75r}sff fg^3?E: 

IS#Rl: I 

1 M omit# ihi* at» well a# U»® following itunzg* 


1 $f omit* ff*T, 
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fa zht T^riorn ii \9 ii 
^fnftwpfonct: ii 

ar«f gsTR— 

fof$faS 3 »g*iT sqj^I ^ fg?TOTffisra**ffi>T | 
«b® u N 

fpTim I 

*p ^<^7 si?5tr^ qift qfi i 
a*W wta^OTrcaf&fr 1%^ 11 $A n 
qmgflTOf ^T$rft;ff ?pr q;jjc?n | 

<Tfqq>r qrs*r «np% ffo f^fi: *3: ii ^ ii 

arfa&RH 3 lfcR»: | 
TRfqqt^q q?q? 
fltg'Tfetffom #T%: I 

^ «TH 5 W q? II \< II 
II 

ar«r fta^sritf} ^rn— 

qRi«nqq qifcm ra i 
qgsg errant qsrrqq li ^ n 


1 R reads jFjfjf;, 
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«T I 

o 

ffT*WT^ ^Rflqiq: fa>*TF^ || v»o || 

*tfl?q*fqR ffajc*FJ g«f|q£ I 
f^T*TFTt R 

m f^Tflf m ^f5W«nof qq || || 

Wpi#[#KTft ^TCTfOT- 

ftrqrftq; i 

qiTT fort qq w*ng qfaft 
»iNftton^ *iaft *w qtf'foq n n 

flureyraifa: ii 

qfi^KRi^q fi?r vtfufoi qrq 

I^qq^TT: qqm: n 


B, M and K r#ad 



*3* 


w. tMm 11 t n 

w. vi InftnF ^5^R5?IfRcqpr: , 
fT5f aR«Ifj q«n — 

Ittt^s? fTR JWTWrHH I 

f^SRWI^V MiH feqj wjtf II ^ II 

I 

MMfrflrqitqfspTtTl i 

*r: gwlsrfl rSfrgwfor f% ?fi«t ii \ n 
*refeifar#i: ufoneisj *m% 1 

T% ^ II « || 

3flf3^m ^r f^TTWKFR I 

O 

WSsifow ii mi 

ifTT'fm fTTI? | 

qt ?ri g*m# tm *i>i&t ^rn*} n $, n 
'gwnprewfl** 5TOT?TW I 

$TS^ ?tTP7 II ® II 

^srnmif: ft iwfo mfa ii < ii 

■ Bmd ' KffWJPSW*. 


' P, K «nd M r«ed ^ ( 0r 



*Nf«T ^ JTTORl^ i% cf5r || <> || 

<TOr ' 553 ^ 1 : | 

* 5 rf^Shra§WT*$: 1 % ff| II \ « II 

^Rl^: MSTF *5RTC«T I 
<fl^r ^fi {% ii \\ ii 

W fl*TRR[ I 

'TPTRTWMI^ 5W T% Tc^H^OT II \'i II 
’JfTf’T ffqWU 

jtfNft «fj ^=7 {% HIBiflFfofWT II \\ II - 

* T^TFt: 'fW I 

ss'-jift toro*n f% to w ii \ « n 

^RF *PRjJ<*n flfrsfa^ref^TOTORT I 

: «51§TcTI&!W^’F II Va II 
^fflfST^HF STcTOffl ^fe#rfeT '#TT I 

<ST ^ 5F55e|niF II N II 

* g^fr°rgiT ?r^T 5 ^§ ^ 

^ atronflrn *n«rz pfa’iq 1 

1 M and B read , * B IMadM fljfcW f%T* . 

• B and K read the following for thin stanza : 

jT'U'wn sj^f *fpi . v - a^njrow- 
=T?f <qN < W»ft m*S?ftwfal\ ’JHW^'UJ I 

M t twt 

W5fsrsrf%rw^3 ft* *r >t ar*F*rf^*i n 
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3TI9J f? ft ^tfSSlftf^ II ?* 
C^ tflfav II 

«wt?lfa% jfn'TI^^^: I 
"^iTFF^FT^: ftqffa ;Tqafa>Tft | 

. |eq%r ^ tr^Tfirr 

fRi«m°rr ftsrmfr mft i 
ftqfa ffpr 

■rcnsqfflspjftw wi ii K ii 
yft || 


wrasRfa^t 5 #?! qfr=remHwrc; i 
fafrRKimiqft a^rrorrfa q»ft wq 11 ^ • ii 

■o 

sq^THTOf^ ^W»: I 


•irnwrotomt qgqrf^q i 

fe^tq^afte qf^rr ^ w ffl^TR 


®TCHWfaq> I 


I^TT^^^qfT: q$TO«Wfan qqiq 1 ! I 

fa?5T qqi 3 feqfWTTRT: TOtfi: %qqt»qi: || ^ || 






ci 


l^r^3r^i5t^-M«T ; Tf^|TT'i^'rjrrsrRr? i 

«w 3j#t w \\ w 

3Pt^R>: i 

tRRT^ <WR J^TftflWHlfa I 

'*1$T ^Tcn^T II 'U II 

^55JT !T^H fcmRRRSTH^ HI I 
HfSnfNfl3rRtr H*TR*f3 II 'i\ II 

htp&t faf^rct^rs^s^ g^t'flU - 
fJrsrrefl ^ sk HHfa ii ^ n 

ipttl ^So'q^^Rf^iI 13 ?^^: 

Hit ’fcpmt WSTfrT I 

sjft %HrpiH n ^ n 

^pft ^r? D ^ F r5(^5i 53 i‘Pf? 1 

«TW®3H?5 H?55 II •{< II 

• H^THtSR: HT*f«TI?Iff& Hftff k I 

v 3 

mOT|3W*t II H II 

wfi HJcWWFl. I 

ht^t^: w ffant $r qn&r 11 n 

1 B »nd K re*<i ?W. 
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ffa> 

tfa*ng*Wfan fTI^RIW 55 I!% I 

° '■O 

^faifls^ i: ffa^rafta m 5^ 

tot $ifa fa jrforft irni^ff } ffldU^n \ \ ii 

’T^^tT: II 

WraWlftftj ^rj[fl^J— 

’ 95 PT %T !%4 tfa^fl T'^fojT^I <flpn I 

301^1 sffaRt mfa 11 R 11 

3 T^ 5 Tf. | 

ftffa38TC$*r ^^<Tffaf#JTIWI: I 
swiffar *p>i f*infara 1 11 mi 

fat HPTttfifRfas#* ^Rwwt I 
flffaijfcTWIT: f^ft ^ffprq^m: II \'i II 
^f T^rfwffr $fa 1 

^SrgWi^preit^rffasn f%? 11 ^ 11 

1 l J reads as variations the following ; 

TO flrgr^T^arfairrftm <r?TO^ i 
^'’rm’snfFrt ^TOtoTOj TOft n 
S^TO*? p«[— 

TO fTOsrm ^iTTTO«rra*i?w TTar^r 1 
-STW^Tt TOl’toTOftwfcsRfa fl?TOJJ II 

B giTpa only tha latter of (hear sUnzaa with the following rariation in th« 
Moopri Harter : 





’TI3R5H c55Sf|: | 

w; wm. §«t ii h ii 

• 

#t JTT3pift || K II 

^iswrif^ ftsriMfa i 

^ffr JFWWaft: || H || 

mfrgrn ^4 ^i?RRi ^ i 

’^mr^ifloii <fe5m^mwr f^ n »« 11 

$1 rTFTf: I 

*: *155: f% ^ JFWlfni H’JI 

ffwd^r* sifr*: i 

f#r ii ii 

flHflfo*: II 

5 K, M mid B r«ad 'rwft: tor ’IT- 


1 B Eddi ^T at the «nd 
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«ra sri^t ^rn&fl i 

fflFimi ?W: 'rffelpgt: 

r% li n ii 

HiTHit #Kren£ «Tsiffwfcr ^ %rrf^n#t 
*rr ^w : - 

1 Th* fallowing staiua is found in fC and B in addition io etana* Nfo, 41 . 

SWtfnPwfoqfaiffWTt 
«rfl ^rft wfa’ft i 
panwitmfT: 

<^«Jror: for u 






HT^ ^% OTr y TH. ^?prt **W II \ II 


|5T: W JTPT W«WfW^l?pwiPi: I WWT- 

fff^W g^sqqt nw | 

ftw^ HTfSrrWi^^^nmi: n R n 

*nilfaw I 

^THf^mstsfat Hjwivm w i 
^urm^rfi fatf* sr 5 a***®* 11 1 11 


'T’WftTCftfa: II 

^ITTf^T: it gw: *PPn>55gfWfl: I 

qnwr»nwHtFt ^ crf^rss qfwt 11 » 11 

«rarkw 1 
qwrei^feflHitgw 1 
35 TOTfo: wgwq: *T II *A II 



5TFTT ^pfol ^T ?fe: II $. II 

m\ ?T%teT w gw: wnfiPterc i 

555«ri ^TrTffe: ^T g cpfo II * II 

fllfarffirraft SJ'NniFra <T^T 3T* I 
«ITfT^#T c55»?T «FI II II 

mCTFT'tfW fsf^TT ?Tfl: I 
mrpi wi ^^nwnfafW i^rg il ^ ll 

^c*|H — 

JJ55 ^TT^T f^TTSTW frR^}|q]: I 

<ft&t <eot gififtr cnt^sJi ^rg ii \° ii 

1 

wW?i^Pt w 5 W#winl ST 1 

%\k 55»H T*7 JJj5 w q WT II \\ II 

hh?h: wiw <B8 wftfa ^ I 
sqvrtenft ^s Hr ii \\ ii 

q«TT I 

ww H«n ggg $ ffldg qnft garf* n u n 

^TT^jffilciHW cTrT- $>&] I 

dR^ rs g g ft m &i ?tr 5 jst: sng: 11 U 11 
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HHT^r<w#r iftwBwfarWiarT i 
^3* 55®<it s?r* in \ n 

* forft^T^'T VPTIJIcT: HFPTW^fe: I 

ffe# ^T^Tlft: ^ ^T^T9]^ HU H 

if gtfjf: I 

HHRTrWRTFl t§W*PW %'■ ^ II U 1 1 

Vf^TH»# Mi^^qq^faprg | 

II \t II 

3T^r^ ; i 

^FTT'^SI SJJ5jJi: <15511% ^|fa: W 5HT^ : I 
f^cq^qy: qR$: wfaf* II U II 

jyj^n: q$q ' Irqfa^nFTR: #T <raif% lfaWl : I 
*T(TTT% <% ’TfaFTT%?H ! 3 k STTET^ IU° II 

^1% fwniRfttf ^HRFFfafa: WHW II 

II 

<ri fasre^fiV ?fefa«n% 1 

#r mw i 

^fl ff^^RTHWSfPIR II ^ H 

M3oth U and B h>n the arroneOU. r«diog WVlTHf^: « W 

<WTft fatqwtr:- 





*nr^ra>: i 

irorai&H ngt ^ i 

«I8T % II ^ ii 

^m55'B55ff *?TfarT t^l 

flfwtsr^ 55®t *& T^TT%M. II ^ H 
3T?I^: I 

wre§2®r farft i 

?WI fttf 5WT T% ^ m. VjftWRJII ^ 8 II 


fiaifS^frWRFT^-'- 
^ *=PS|S#lt ^'P^sjJFqi rffi: ^31 1 

iffTH^ 1 mw Tc5 Tf II ^ || 

7^wmt^r f^«n%: i 

<FTW II U II 

W^TtWWW fTI«rhl "TFT^Tf^ ^ I 
<WTTTfTTRra ftSPRflft: «Wai«fli4 II ^ II 
HitnwH i 

^ it fPT«fift ii v ii 


WWT^mFT ‘bl^gffeailtt 5TM3 I 

fty fr<w^ it# M 3 *rs!R«ro?ji U n 
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*§:yTOi: TO ^ 'TCRFft: I 
ft* ?r wmj: •#? gmg ft wi 1° 11 
f^rosrr 3^ft> : ft *& to 1 
Hmt5HK5rfft *TTJ3ft: TO5^5ftW ft II M II 
«TWT§«nftWTO TOT: 'T’fftfa TT'TE? I 
ST^fT ^jfcfrrftT*T ^ft$»g«SFRSH II ^ II 

TO tt+MSI*ft3#FT ft?TTTOTTOH I 

fareftafft*® ft# M 5 h^toto 11 m n 

I 

«T*rfoTflW ^ ^TWT TOFITOftf ftWTO I 
ST^T 3^ ft$TfTO to 11 II • 

ftWTffttRlftT: ^TTOT^ft $TOTTO I 
^ TOP13 TO 'll ^ II 

* 

<r*wrmft *t put ^r^ronftr: 1 
(Mr 'srefifa# ft % 11 U 11 

• Thi. wrong form i. th. ronding fonnd in th. NS'S, »nd th. corral «.r» 
PrtftfH Ao— sot tb# •xigenciw of tbo motr#. 
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^IWP-W t& e«T^ WX ^f^Tff^ II \» II 


TOtfcTO I 


WT: ’mjjftrjn? 11 K II 


^Pj5W«ntli |WH^- 

^fwwiw? i 

T%HJr^t 3®Wfl fRRtff Wf ^SfSTft l| u || 


3T?T^T?r: | 

WfjfaTOJnm: I 

^FRTIHI II »° II 

T*?^^ ^ m^\' TJ5IF ^ f^TH | 

m\i§ <?* tff mrre t^; n v \ 


FTF& ^55^^?TI ^r55T%^^?TTri^TH I 

'f^ir^t gor^ wn*r«it w n x\ n 

3T5ri^T^: I 

^rr?t%'7^T qrawi^T ii n n 

JPiromfl TOFT grqftwrm^ ^ fTl^WIW «fe 

‘ Jhe M33. read ftyy q y ^ f ^ whiob doe* not *eem to be oorreoi. 





T1 



^TEFT *pT ?J^T ffiarsfo II «*A II 

qflftrarffen: WZlfZ: | 

3*fa \?%£\ % II *K II 



ifnaWuT Pii¥ ft^Rfar^ ii «» ii 


•flfftw: I 


q* xfa m t| «twt: f% ii 8<r 11 

*5 : 3=raqftaRt i 

ws*m ftsw wi?m ii ,n ii 

T|ftf: I 

qi^sq f^TF^ sfW II II 


Wr=^T^T fFT JTPrFT^ I 

'O 

fftft ff fr i f& 9W W W ^ " M 11 



7i 




I 

^ic5^rtfS^ i 

^ ^ht; t% *jcm nr*q ^ra; 11 m n 

re%dwi<t i 

farffaeifWrc 11 m n 

i wr«rr»njj5i?nw^- - 

f^TSr^ 7 ?^ q ?TqTT<Nfa u ! | 
f53«T W^ffllftqcT W II ^V II 

3T*i^»: I 

gr^rqT \W{ fT*J q q^ r H | 

cWT f^RTlfr *J$5 %Jj[ II II 

ftssrfo vr m# R^FWEfir^rw i 

95PTtS?r#: f'fiM'^ ^T^rcmit^T: II || 


^nwrf&KT ^«Jjfoift (TfHJTTOI^ISFqiJj; | 
*t 5 'fie* JJ3 fTB ^551^’^; II ^V9 

m\ \wp- i 
»TT$ /I ^ ^ HHrfTJTt 
WTSfcSTW 5^ I 


1 Thit tame rale it somewhat defectively stated again with a modifltaiion 
in reading that : 

itntwffli e*v «j3 f^rsrpft*rT?t n 



E M W WHtK : 78 

^ W 5 fagfasRS: || 'ac' || 

> ^1 RffFFSfe: T^cf it JJ55fTR ^ q^PTCT^ I \ 
JTWi^T^f Fm$ frw *: ^155: || || 

FR^j^sfawf^TFT^- — 

^5: | 

fatf fPS^fr ^ RF^ II $° || 

aTRt^FR I 

RIFS^R ?3psn FFift *PTFT II {\ || 

f^STRR^FHFTRffiF^^'Rf^Tif) R I 

*r«TWT^ Firg^i n {\ n 

WgtB^l55FT JpRWJ*H~ 

FF?R teRFTSSJTrB feg^T&T Flf%F I 

^RFT !% FT^Fr II $ 3 || 

3»3$W I 

R^TtmFf rifI i\ ^F«r«T5^ ??*r i 

FTFtRfgfw I FPFR 1% R^FJ II t * II 

^ FrftRsOTpft S^rj^W.: I 


8 





ft ^ II VA 11 


wqt JTOT^R: SSSOT%flMR«pft II «A || ' 
*T^5R>: I 


RWTOTOW^: I 

Nftffftct fRlfr wMft II M II 

«rrcrfs^ i 

'T^T^is^fn?q?TisgiTw^^ resmft ii \< 11 

WRWra?# R£R<p% I 

fffrerfo ^ ftsrr n ^ 11 


W^R^^^i^rrm^rgrBRj i 

HWTB$ || »• || 



^ ^T *m II »{ II 


arwif^^: l 


tRftHT Tfe: ^^Tcfiroftor I 
qiflftWWR; ffHtrWW II II 
«prfg?TTmt?raR?mfwf^T«R^^ i 
SWT cTffHj^T^ffe JTR|* 11 


1 ft*: ** fc ^ e reading found in the MBS. ; is adopted m Wiif mom 

HtiilMtorjr graoDoutioftlly. 
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«ftf^Ft *raft i i 

$*TN qWWW || 

* ^imswFm 11 ^ 11 

*fe KI^I^c5 «lSt«r l^pB^RW i 

^q} qftlTpJT f% |?W7 FT^ «mTWI II *( II 
^T^FOIflpq.— 

$F?Ff<nfT ssqfas: ^r*: i 

qJTSqqT^lSfaFFfl^E^T^ FT^TtF: II 

ffeFTFI^i frTt q&mfa WrfSRi ife: I **5 I' 

3T?r^T^: I 

gtin TgFFfr^^^RIFff 1 

HIFH- T ^ I l ? Tt*N>'FTc5: $>'■ II *J^ II 

fq^oq^R «WWH HFIH^ II 

q£qq>f£t$I 7 : II 

^5: q{ fq j qq)^q^?H M PF r F $> -fr£l "F I F J T RT 4 sqifqi* 
*W I 

q^q^or^i 7 -' f5f'7>f^ ftwgffe?, n ^K{ II 

3fqRW : 1 

ftywfev?! I 

^tqj f ? *T HPTPT II **\ II 

8-A 



JTfifcraiWff: 

«ffaFT°lt f^T^Tft fqqfetffttT ^ TOT: || <T\^ || 

anf iq ^T*f3nr% mq*q trs^qqfoq f^rf^R i 
qqriT wm qsrr|«fi n 11 ' 

3WTq qgqfet TOfai ftTsqpafc i 
ST^m 3q*T gRrgqqrq qqf || <?\} II 

qsreqtfR arqfcgrqiRsqq^ssfrR i 
qgqq^Rq *rrar FFwFrq q^t n <r</~ n 

^T55F^fl^«rFqiqT?TFqq wnR q^iR i 

fgwr stfi^t qrqq n <r<^ n 

q<qrR ^qiRr wq gqi^qtfrsn q^nrqqft i 

wwnqffq <q fkf 3 ^:q»w|Pi^: 11 <r^ n 

«o ' 

fggoTESR'-RFqq — 

^rfi RqRR ’prgRrq qq qtfaq qRqq i 
q^rsq JJ^ST Rqfqq^ ff ^ fqft II <T^ || 

arRq^ rttr Hqg-- 
«E^piq>Rf^r WR T5&R HRqrqiq I 
*£rq% 3 >jrF^Tr!%q>q: ^ q^riercR n <<r) n 

arfcrcrSf rfr ^g— 

Rqj55|fTT: ^?T J Tm: <Jj|q#q: | 

?S^5? iTIRRHTiqq II C<^ II 



I 

gjv’rf cfifa faffc ^ ’WfafTH JTFT^: I 

'ssifr ii v- II 

^ff^Trl I4JFI 5im 41!^ ^ ^ I 
igm^ m 5TW w ^fTHl^I 7 ?: not: II *>\] H 

^eqTS^^fsrci^^nfa^T I 
^FTg^t <m: *m: II %\] II 

^#TTf%^fl?TH^ I 

^ii-sr yv*> wr «t n c, .4-. n 

#*$m«t aw 30 ?rf^w ^ift i 

^r KIPRT? ii H 

5?PF|: ’jfTWiSWl " , ^H4 I 
H&ft Wlfc %^rac*n *i *?Wl II %<\\ II 

4tT ^ 3«T 

% afirfar w * w W’SH 11 ^ 11 
f^itsfir^^’^Hi *f sptpl. i 

^q^fOfiR: ^S’T fW II ° J i II 
3T5fT^ : I 

5TVJT^RTfS?TI W- I 

*«mss: ^T4^4 fir *mw? n vj n 



*rpRRnw|^: 

TOT ||f II ^ || 

Hqtq^qqjjail: q^pqurirRlftr I 

t-tpi qwfan q^qqFqfapr in ° n 

qqqffq^T^OTWJ^tTTTiq^qi^R | 

qffi q?«ffTI^: q^sip II \ o ^ II 

pp pfq^qi^p^criq^ fff^ I 
jRqot sqHRqq qqpqq || || 

«rafan>: I 

5i=rel qf^Fq^ q<m qtq qpk: i 

qftqr fqqfa q qjppr qpi: n 11 
flP$wfai|sq q q qq: q$q[: I 
^qfqqjqt q $<qi qfl: qwsfamqf srpn: in « »- h 

qrqilt^ ^$1 qqqqq^prr q|q qqq§ : | 

tfi^q »m sqaqq ft; q «iPr jj^tr \\\ » <*} n 

Rqqqq^Pi qqp^qpr qq ^rt; i 

q^IW^iqf 3qgqq ft; q qo^ <*qq ,|{ 0 jj „ 

qpkfimsTRI fRqqpfqqqqq^ — 

rqqjqeFPrfi ppq i 

fe^q^ftfnq^qTmq; qqqqrp u ^ 0 *\ n 



tfUrearaflT: 71 

W^" 1 3>tRT ^ fl*TR! 3fTrTr: II \ o^ || 

1 3^ PT?T HR fR'Rl^qqqq — 

'TOferfe^fT: SFRfTT RfcRIRRqtfR: | 

^ *w<raf*ng<nitoi n \ »«,’ n 

3T^W: I 

^ ^ *r fR. qRforta *rr$t i 

f^>h 3>far% ii { ? •; it 

sr^q? ^pprp rcftfqM fTfjpfr^ i 
fNfopsN q^sjgsw ffsN?? ii U\\ ii 
3T^5Rr: I 

r?jj? fwmrsr i 

yrf ^ wi grtN^pr fgqiPr ii mj li 

t%3°r q q q^oi^i 
q^r q*r q« q ^f^FTtefifa sprfa pj: n il 

fk^^jqR^r q^ri’-miRR-fHHrei r 
q#&rar$wrl to*wj §gqifr n \ \ «’- n 

sft fr*ppsqcRT> q^q^fskr 7 -- q«?ra: n 

Th« following ttatm ifl addeliu M aft*r atari** Sf<». ll<)}, but it in noli fonnd 

B,- 

qqrfq i77Wjm;?m}: i 
qqinfa sfcqr P?sffrq q q*mf >tHr: n 




afitolfStol?: II 

R7fc(t TT(% Wn^%TWF#«MTB 

qf^®wgsn^sg%# rrM i 

T%r5(T«f: ^TWiqR^f^PTTSf'RnJW fit 

vfctf RTJJTffTT^I^Pn^t fRR<R II \ \ V' II 

STRUTS?: I 

3r*|5)^TiHI3Eg^ff^%f^<Tl55fn^- 

RI^C *RT *RRT WK*R3 vfaZV- *5BP II U ^ II 

° ^ 

Tlftlft 1 #: ^5f|q»95FTj 

fT^35T ft%cq ^ I 

qr%i^RlM^%ssT 
^TfRWfRq ^ WWJI U'®-- II 

U^fR 3*sfc*T ?T!%JTRi 

HWT flfrcq =Ef qgfq^: I 

jiTfif^^R? ^ qjTm ii t\<?\ ii 

'^’r q^- 

fjt^TffTgf fqfprg | 



?q TOftfirflrM- 

SR^RTf^Rjl II 
*TH^TI%J II \? 

£#;:ew qqtfq jtRrr q^ii i 
# ff r^T^: 

qpNft qoHF q JP&FTW^ 11 l^\\ II 
gpqj RW*]#: W&F: ^fqrW'mT: 1 
ITtET ^qjil^fKqiqqN^ qRR*r || II 

grwjTq^iHST q ^tgmifrq qq: 1 
^riR q^ctwr; frf qi 9 T§? if m 11 11 

3 = 7 : 1 

^iR qqft^Tq: ^'t ’W& q m 11 V<*\ 11 

si«n i%q ^rafaRrqW fwifar 1 

q^iq^T srijtt nftRq q>: 11 11 

l%T 3 f: qxrfSpfcfi: £l J n%: ^W-RT II II 
m 3f»qq>sRi qfa qrq^rq nwq? j isfi 
sqjft ffl 5 RRT ^ ?R qq^R^TRT f^q*|: I 
q*r?JfR q#n ^q?fa$qn: q* q ntrcnqi 

qq^F qfaqq *mTqqp»rq 11 H 




*TRT> flfaTTftTW I 

^BTf§^THl: qsfisfa: % JW^fSTOj: II II 
Hwr fkgxRT w 

3rf)T«I3f?r«I I 

W3TC ^ JTqjDi^ || || 

iNtorurwt fF ^iJrqpw^T^r 1 

'TWfRWI^^^^T: ^fT^JTJon: II H 0 ^ II 

I 

Hl^URN 3^?^ I 
>T^SJT3^ =q rf«TT 5fEpq- 

fTfF«T: II II 

*fW 3tf «PPT f^FT 
HT^W?^ f^T^T 'TtV I 
Srofrrw ^sjjtr 
fr«rr fefft ^ tpfi*r% wr 11 11 

sfrrf^RsqtTsr rrc- 
*TW (ffifawn:*. I 

qerfFT II \\\\ II 

?l% ftW^sqq?T> ffpmoT f&H T: tflHH: II 

1 Tha UBS. girn Vlft , whiob doe« not mm to b* oorreot bars. B roads %SIW[ 
lor 



NfSTO 88 

I! 

?n: f R’FTfffrF SRRFRiq: I ftqqf&FFFT 

*PH— 

o w 

fta f^fanr f^Flsq ^itg: n \\v\ n 

I 

tlfcr. fcTf ^TTFWm ^RfFTI FF=RT«r: I 
?^#r^ m fT^T#r' #i «wi*r ii hO ll 
F$Wj?£foF: II 
F*F«f£toFFi q5«l— 

^ste#^ 13^: RWffrfra ?N^qFW?F 
?q*qi^ HTfl^fsqFfJTft fTFRRI*RR | 
Sfifa’BqiHfFJ ^ 

fr£TI 5^r 3 FW!RWm%FFTlf*H ?FW9 II \\{\ II 

m)p,nr- i 

wfawwar ft sm q'rRqRWFWfi i 

^t wfi ir^r n H 

?F(*t I , 

CT ^a i fa^ r ^'fcaifar k> vroyir: ii W<\ n 
1RS«rf$mpft ^®Rfs?'it f’FFT faffal || mj II 





3RtlfcTO: I 


*to*l gto^rc i 

rhr jRq?rto HHhr^Tw g* 11 !«o| 11 
?TWRi JTT^I^r RPRRRf g*lfasn* I 
=TORT RT: || \u\^ || 

*3^ & ^ tffcf JTTJ^^lV-T^: | 

^qrW r *r ^?rr r*rf 3*^11 \ 11 

?&R^^R<T<RRIT^TW^R^_ I 

^RfTRT#^: II ^ n~ II 


ar^r^^T^r: I 

m RJfF^Vl^WRRR^IR fir^nfur I 
H*WW fhFl%?Tto tor TSjfRFT II \ 8»J || 


toto 3?%% ^ j^nrtft^TR^ffto 1 
fat JJpWIRltoT^: 1% <Ec* ^ts^f: II \ 8^ II 

^^RWFrRWR’RH^R — 



?RT R^>f 3fEpiT70q piR II II 

R^T3?: | 


sr«rt spit ^n%n%«r RTRnrrsr ^nr i 
fin: 'r^to ii ii 
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qqHrcra q^q^Wf: qffar i 

sqqwftqTqqmffcgfrqr i 

#fa: qfo$ f^T|: faWTOJ STtftaril ? II 
WH: q<?h SJFffqsifr qq qqfSftqJI^T iVq^T^rq I 
«mq*q >J ?4 'TSTi^nigftr^qfeqw ii u 

: I 

%S : q^q^-^OTOfTOf |i ? <\ \ || 

3T^^: I 



ftfa: 'Tin^rr: ^ qqftWW to: I 

ffHfqqq ^?t*j qgftmifaqflq: n n 

gfetf qq^q #r wrn i 

?r^H: qf|q: 7 W 1 % ^ II \M II 



qoqffa q^qqrpqrqq: qqqgqwrp^- 


%*01rfffq<ft ^ fTjpTqfrft Wt I 

q^ & qu^iqf^ oqfq rPTR^: < 

qwprt ftqqf q?n«R^ Hi fafrjnfrrg n Vm II 


I 


^KiH?q q^q 
q<*ift faTfaftw qj^q^m q*rr: n ^.h ii 


1 Not found in any of the MgS. oou*uitfd. 



qftRwnwT* 8 


aft r izv ^ TO 11 * M II 

^SIWlfa^qFRTCTf’? WlfolFRlfR | 

^r^R^R^fRRFRt^RRRIF^ II II 

SM^^RT: I 

TfawjRnWH ft ^RTTTSRf STffR gfsRf: I 
^RRHFFm: % 5^T[: $ ^#U: II ? V' II 

Rt'-TRECRrTRI^'ig-f^ R^pRRRRqfrqWflr — 
^IRRRR%^ T'FftSRRFSfrRgq^R I 
r^r 5 n \<\^ h 

3T^^TSF: I 

?rfaw ^rr : 'f-if yiT- stfrf^F%R qftqgr: i 

f% RFSflRftft RS rT^rt^T II \\o II 

rifrr s;|[%hrr Rff: Rtsfr^i; | 
ftfaRPT 3 T^TI^-T T%m^: If \%\ || 

hrrti%Mtr rrirri^t r^t frasfq i 
^3: fa Iff RR ’fRF’RRHRSW R 11 II 

ffiRJTRiRHcR — 
3$RRJ$R ROT qf^TI^ q<Rvq: | 

^ ^ j?RT «F%q^ || m II 



I 
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q HT^RI f^jq^q | 
SRR Frqj: || ^ V || 

WW 5ra;jftc5[: wV^T ?3T *TT^rTT ftrfpKq I 
|| FR || \$\ || 


s*jppqr fmqqr #q h m vtmy. 
flcWT^Wimt ftfal Wf: n \ $ s 


ar^i-^q^qqfwt f^qir^ q?i q?q ^vjq i 
q^qrtqq 55PT: q&fq JJ^rw n n 

8R%3F: I 


faffr; jtfMrft qfo Rwfr'nfr q q-n>T: i 

qq q*»-TRqfos rc> ^fshtt othrvr^ii m h 

*fq Pt^sqqfi^ flq^pteF: fhir; ii 


3*%&FR: II 


fq: qt 



RfTqufHqqHqq— 


EqfieqrRTR: I fTTOCT- 


vqqjtfqflqqf R^R^ffq: nqT frc: i 

gqtfgfaq 'fr t* ii mu 
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3T^fo-nj»: | 

<£Rrq*tq> q TSfsrqfcF q i 

qtfqg^ q & q?qrT: n \*o n 

?th q3^rqoif%3RcTqq?!Tq[^ i 
q/TT^l^cq RTClq fq«rq^ T%JJ I 

qqq/q^gVr q r% fqfqqtfq n \\ 

fwfaTRg^iqfaqqqq^ — 

wptfft^or qjfsrqg i 

«*®q q4 fqqr^HiqKstq gq^gq^ ii n 
arqT^T^r: I 

qfq3T qofr ( 


qfar&rr qq «f q^fq f| qqorr qq?<qgqr 11 11 

arertq^Tqqrq^- qfffrgteTqqiq qqq^ 1 
^iqqrqat qgqq^Tqof^: ^ q T % fq M ^ \ (| 
ar^Tqqq'fqqqgqq — 
q>qq>$rqqq>f fa sir R^iqfasm: sti^ 1 

fq q^ qoffqq^q qrqqj fqrg II \ W; || 

qfnqq^q wfa qqq— 

. R?q^qtfiTqfqqqqtq qp’faqqq^qT’sgn^ 1 
3T^rqqrfr|qi qifi qq fqj: HTf: II ?vs^ II 


qqr^^Tqr: 




i Here *ft is substituted for and 2rT^<ft%: for as theraby 

kb* reading will be better grammatically. 

* m 



JlpHlfeflf ft FT(t II \*< II 

=53^5 WfF HH S^ITlt I 

* ^ ii \ ^ ii 

^<Jrg%ftpqFr sfonjf&rawaroH i 

^T^|| K° II 

3T#r^T^: I 

srpTf *r? ffq ^iWfamii KUL 
ht 1 ^ i 

3^5 ^TfSH 51 Hl^qq II K^ II 
qqTfq gnraoffttf^ofifmfWJ — 

?8ffWFH %5 fftfgiwfa q I 

;jq 5 pjfqqaif F5 U '| '*$'&■ II K 3 , II 

3T5I^.T5T: | 

^TsSrffstf Ttj qrjaT^jfq ft? 5 qf><j i 

g^T 5c^^3T5 155? fJ»£T(? 1 1 \<V II 

o^qTpi 5jq3j ; ^'nfareifa i 

afl^T w ; « 11 KH 11 

■ The reeding in the MSS .. *<*W, which i» ol'vicu.ly ■*** 


9 
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^ fit I 

jR^prt Rfewj r*i$ ’fig. gr^i ftr sng u KtH 

fl»iW f<^R ft® i 

^ ft^ s^frm fe 3>fac5? ii K«H 

'RR%T^: | 

RT^T'^l+'l+I^f R fn^ wg I 
^ Icr^t %gqf gfi ii \«\\ 

twfq - 

o ^ 

tr^q ^rqfqfW 3TR HHT«r^ RT 1 ^ I 

sq^^prf ww: RT^g II \<% II 

3TRIfW: I 

SR^'fsTTRf mfal fWWteft 5TMI 
^orM ^rTg^ ft^ tffa^lt \\o || 

gnTT^qr^TfTffig I 

HWRBnM^TTRt ^ RW5^ | 
srcwf 5rm w gff fw gWrg ii W n 

RTW’lTH^ft W^TSSRfi: fJ? I 

ST^fR^FI R'JTFI^I II \ %\W 


Baddg her* *mi 
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wzmw - 1 

twi: *^3%: I 

' : stei wwrt ?f rwr n ? ^ vi 

^5?rTT^m <fW*f4 fTT^ I 

vmfatpt ii W* ii 

3T^^?rqq ^fpTJSfFl I 

ITgtiT^RVq ^iR%Fc^c[ ^ W-m II ’ II 
S’psf iJff'pPrPr^: ff^T55R)[^ <JP?ftm: I 
3J« 1% H^rofl $[ ^ K t? I 

8TRW JT^T^F tflrf ?#j K ’IK II ? ^ 'I 

iB’lJFT^KFT’n^eKRf 'ff: I 

5WT 3P37 ;l( l j ^ II 

arSI&W: I 

TPr?T£c4 HFfSP Mw’i ^ 3Wt I 
g^T^KofpEqj flre^K ^ fall \%< ’ll 

^FTFFPKflfalH Y*W i 

HIPP^T z&i Kr%W^f*°rfrp iik^J " 

miww ,- 1 

gifaj^pr#' ?pm f#T*n i 
#K^T?^Rf5R« <jM<J I 

9-A 
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3T(H ^ #4 qsroHHftfT ^ii ~i°\ ii 

<m5^4nifl^^4Fr^if%w 5 ^pji 
r£#<JT JT{^r4 f^q^TORtfaM) r^ II \ « ? II 

ST^TW^ I 

wff *tarof ^t?ts4 i 

Wl^fsf^^cT^I?! I%5Fr4 q*naWPII \°*\ 

55PT1 feWt^l 

3t 4 f% ^Trsfrmi^RT =#* 4 wtii ^°<\ ii 
flfef ^PrtRff*r«n^ I 

SftPHffqTH ^4 9>?Wq w(rf ^^ || ^ || 
3T4lW^: I 

w: 44^ i 

$%°r f4faq4 ii ^ o^n 

gi^i^-R^; ?pp ; i ^ ’jfSrVr i 
q&r t^ti 32 3 1 % 3<5jj II ^ ° <r ii 

?ew^t f^orf^^q qftsi^qr gwfaqjrenfp* 
ar^rmi o^ fifn^OT q4^f^4t i 

at jf^r m\ «tt4 vwbmwmv w\°% ii 
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rT?S 5 Wt^ c 5^^ ffT 1 ^ 9 k? %^ll * \ oil 

Hltfi^ g^i 5lfeFI«ri lWl\ w: I 
* jft ^rWTRJ fRI ^ 5^ II ^ U II 

$W* HRTFT I 
d^T^lT^ ^glll ^ n H 
3T^l\^: I 

sJrqfw^M vwi gifaft a* *w i 

3T# hk^ J Ti^Fi *n4far m U i' 

?r>nands^^ T^mi^i • 

95®^ <f*N II 

g'vpjf: Kgayq^ d’off J TfiT ; TtT?^^T I 

fjpraapngn Wi 


?a: <TT ftjjijpsqgpr fafawffizv wnwi^nr: I 

HKll«JdH^l 

3^r: ^g’Fir TS^gHl I 

<wifl ii ii 

3iaT&T3»: I 

^Tgy?^n: 9 s * ft wfiw T'wiw’w? i 

m # wte «ft 11 11 



q^#rfo: 3B$ta>*RT: I 
f^FJ WF5FTW rM FTl%tt RR9 II II 
*T^T3>: I 

9Rfl*T# WFlf ^’TT^Fr^F^^^^OTRI^ I 
qgtRR fTIR FP-RTIfR *P»R* IRK II 

^TcRRSFff: I 

^ ^t gfr^ra; wm *nt f^rttst r^ii r.h 
%frfq^^q^fF5>q5fg*Rl%cfqr«5FTT: I 
ifrfiT ^1 gfi$*ra«pi JrmfTRfT 11 R? II 
fWifrrassi^FFHq^- — 

STFRmFW: ^F^FT: TO1R RRT«? I 
fa SrT FTgsq ^q RfTH^^q II \\\ || 
3TRI^T^: I 

trqq %ftcft«nra: *4 r?b 4 ^ $4fcr i 
q^gtroi arel s?q ftfaRq h ii 

qfTFFF^TT*Rq T 0!J T^FF: I 

3RTFTRN <f>£ qrqjR^fi? folW^ II RH II 
WOW «rf>RlVH«n^W fa 3FT: I 
Jiqoisqrqefq RR *£4 qi^ fosTRIRT l| \\\ II 

WgFtnFR^fFT RfRl ^FTF^fTqRf^: I 
q?^q q^f^' qR5qqi!%FT RR*[ II H 


M and B add ft here ; metrically it is faulty. 
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I 

#rcwr ^*htb} i 

’TTJF’l^rpffJ^iTvf *?jfts**TT% ^ftf || v'y^ || 

• lltffh^WTtSTHRqJT^l fBR_ 

*TT»TTS«Fr^>[f5ftffl’1^fl5^tl§rgi%(T^: | 
fT^RTTWrftf^r: ^qjf fewplfT II *\< || 
3T^THF: I 
%(T wqiSRnt TR: I 

c5W mpm? ^ ^>Tll '^^11 

H5fg_ 

HPifTTiRiVri qpf? i 

^rrfri^goig ^qtf h \\ 0 j ( 


arti^Tfr: i 

%H?>T R'1T% $$RT f^TTST*? -'(Rfrsn ^[<7 | 
f%?Tt%M TTH^TS? II \ 3 ? || 
^TSfl Rlrft glJW: ^FTfaPW^ | 

W HT: ^RmWrfTn: 3?I II || 



&FT0TT ferfT^I^?T?mft: I 

3R«lr$ *?N ^(tWtO 5%?T ||» \ \ || 

fSTT RSfor^lW^: I 

R*PT? R*T?i ST? arr 3?SW SWRfTf^r 1 1 5 } « 1 1 

m: T?T? Tf^? ^TIWT fl* WFT I 


^Jjorar. ^TRFf^RT: RTf^TRTT: q: || ^11 


1 ii o aits h * re - 



3T^T2F: I 

*rpf <Tf55&P I 

m t7 J f^jwRts* w 5 #* 11 4H 11 
fRW*?i g^ii^pTOF^nrisf fgcfa srrtift i ' 
<}*pprTSf fog II 4^11 

sW’Tfsr^Jwfef^'iTTi^TKTjf^gorErm: ! 

l| ^f^TRf^rt %55^>4 IRK II 
3R^FF: I 

1$: wfWRT %?5^ fOTlf %^T: I 
%®^TOFTH»R^re»T^T*Tsrr»r*TM^ n tK 11 


RFPRW PfT RJJOT few r( I 

m& # *4 ^ ^ Rfc^.IRK" II 



?®3<JRPIF5TT: R'SfSTT: ^tBI: I 

^%sgorfcTr f^mr irir ii 

3T^t^FF: | 

5T«TT 'Jft ^Tlf N^>: I 

P^HIcq fejpiRfSf ^KI# II II 

sm^fgriq i 

BR»P#T fffffl ?R*R |% ^ II R 8^ II 

fW <# TO^F fT^T^l ^ I 
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^ q|^? I W, || 

qpf qbprft: SSHI? cT5fRI: | 

flggoflS? Hft^Tfq II 'ml' II 

^^sN^rpqr ^ sfa^iq; 1 

V3 

T^TJTOrv^pTqr^^i^^Tnionq^I? «TI 1 1 

% 55 ^ T% SR 7 ^ fcqfjt ^TOT^PI II m II 

<>\ 

nfjf j$; ff <^r *q$: 1 

q^M?i^^^i^fsf^ c i 5 rfT^ 3 l3 riW 11 m 11 
iflif ftfVrSfafa: '%^F ZVm r^ISJ: I 
’tsjpt ^qjrfrr 7 pint 7 i' 7 n 11 mil 

anf fqqpTOR: ^ I^i: l 

awit vn^if 

3 TT^ ^TOTcF 3 T [3 f% ^ yrzzm M’S *\ °1 II 
qj^^^^Jjor^^lTfTRq^^ H?q — 
qjf%q^:%q|T% ^fMorefforfa b R 7 ^ I 
^wri^i kvmvi^ mm 11 ml 11 
^n ^%E 7 M[f^0 , pi3 f 0I J 
$^pmi sTtFi^crm wNn^^Rpfrn^ 11 11 

3 T?r^T^: I 

Mfiwfrr: 9 ffot <R W* I 

fs?fpT mrqfri m II ml II 


1 M and B reftd ^: ; and it ia obviously inappropriate 



ftjpT H«T*T ^r^T TI^R ^ || W* II 

*5 sn^^gppr: ^f^fn^TrnF ^ 11 % *g: 1 

^Rlfa qft II II 

qifqq *r q*w i 

o o 

SR3T fScfft ^RT^T R s 4 rffqqor: IR*A^ 11 

ST«T^T qqt^T gmqq«T^ q f^ftR-^ I 
q^focTT rsyfra srrt qiqfaRRR n 
qwjf&Rr^qmqq^n qn%rr# 5RRH i 
qFr«TR ?tr farq^ q forf Rft*Rifr qrifa w - in vj 

3Rq*qRFFq3RT«R q«n RRRrqqqqqq— 

qR&mrF R g'Rfrqjpr: I 

^TFlt 3 ^F- ?!W^ || II 

3RT^R>: I 

^qpqRTRqR jtRrr ^OT^^rm; i 

wti ^qst ^mqqqrn *tsrtft ^ ii ° J n 

R 3 qwWT 3ITOWI3 Rf*q I 

Rqqfqqrr: *f^qj ?*rr |f| rw rif^r n u ^ 
«foqTRRT«f qq ^R3^: R^iqsR^R^ | 
q£s<^q qqftrTi: f% 3 ?*r<rii 11 



^ fr fat if? fWTfnUI 11 

^RRTlff PRPWI? 3tf°F <F»TOl : I 

WT^tH: 1% ^ 11 '^> >1 

^1 fR*RH*R^R— 

^15g-l5Tt? 1 

^»jfycq ^^^Rjj|iTfoTW ^jiRRRrR^TH. II \KSi II 

R#T 9 T^: I 

^fojST^R: I 

^t mmv- q: i% sn^tfrifcw s 5 *rc n ^ » 

^?T q<RR: fRR^T: ^ fanmm*R II '<<'%' 
f*ncqNi«r«R : 1 

3RqFT^#^RT^3TW^ q^R^^W 1 1 11 

^ RIM ^ T ’ 1 

*'^ f#T: 11 U S 11 

3T5n^rr^-: i 

3^ " ^N " 



100 


srcffT f? ir q Iff ^4 sriqsrqtsfo ft i 
^sqwrdsn? q q* ^ n li 

WTOrgqq^TJRsfa' sm: ftt^. i 

q?*§l&FR>^ fT? ^ JTOJFJRta) !! II 

ftf If^fT^qi ?R ^T«TFT I 

5TFT ?RT 5559 55I#T(T^T«f Tlf^T: ^vs^' 

9T?1^T^: I 

% 9 lfa i%*rfa '*m h=s^i ^RrfJrf^rt <?pt: i 
ff#?: f% 9%59H II |j 

=rf% 

5qjfl SF9?cTI ^ TOitffl rm'i^^rmt: I 

*pfaqi%rtFmi «55fH TTftT^sissqt- 

^TT^qTfqrjqqfW^ 7^ ^1?^T fl: lH»^ II 

»r^w: I 

TT%: flgrj>: ffW^TT^ I 

^ $j£ <T *# ^IFWig »TOq» II II 

TTRTWHT^Tt q: tfrSBlWFflrf&R: ^R; I 
*ns q^fq ^ ^Miqrqjfq <f jiw ii 11 



fWffarap: 101 

trg , 

3? ^riSfl! WW ?t *1®!$ ll \^\ || 

^BT ^ W%^T$rTUT%Tto I 
ffl ^ || || 

3T#T^T$: I 

^TpT#£f^ TOT?H I 

Wi ^55 itot^ fffV^ '!!% *? II ^<V- || 

Uffal T Rft I 

<tts$wj *t^e ^ 11 R<r 0 n 

3T?K^: I 

3 famwr 1 

afe&TC? ^^FtrFffRFW T|?fr 71 II 

g^q£q 7 ^RP^tf?Jt~- 

fes T^Bg^pipit tt 1 

faftanni fSr^rsr^nfr a? C^l *T 11 11 

?FT^^ : I 

flftTOTwtf: q^WK^l TOUR I 
fg q£q: fIRUt H W II 



^jft g;rwR: i 

^ 33 g® «pft iM»nrwfaPUi n 

4 

3Tt|^: | 

fTHf^ TT^Tf^PTOTt sftfiB: I 

^ 'T^Mffot II II 

SI^T^Sfq 555qr ^[^T^rRST ll 5 ^ II 

«l*Tf*TO | 

qffiWT SBRKT ^nffcw W $ tf- I 

Wf *tr T%f%? ffm r srorsfa ^ &ri n \<% n 

fPT fa^o^y} I#F3#TW: ARTW || 


tf^taSWffSrPJ | 

?(F:q* TW^FTPR sq^qreqjq: | 

CFrf^qFTfisFrqqr^wq^ 

5q^q^Tf^^!TTITT^fT: qq: qqq: | 

wffffi fifTfr^wj^ff^rq IRV n 

3T^|^: I 

q^?F^T qTRsfaqq^Srfa qq i%3 i 
SRlfrtfeqq: q? ^TOt qq n xm || 
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31 if?: ^TfT 5W^3p: TOP II W 

► 

aNltw: t 


^ 5R: TOP I 

^fTI^S^lf3[: fg: TOW1TO II 0 



m- tou^w «:* i 

Wt 55m >Mt IIWJ^ ^ il ’A 8 II 

3T^W I 

3FHlft$PT55TH TOlft I 

<r$^qj 'lift ^fcrfP ^ II II 

II J<3 '^ I* 


3?5TT^T^ : I 

?W w * vw ii ii 

gg |«Jt 1 < 

gH^fafaT q^reW«WTII W H 
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#IcWRfTff: 



ffrr i 


^ffTT fTRq II II 




W ^ *R£?: T^q WT 3#f%fof>T^ 1 
WTT?#m W: RFTM 3?I ^ #TRFfol || ^ o o || 


qqflffeRRqqffqq- - - 

JrwMl’Rff I 

SRflfT&T *T% *rFR:RR qfa'RRf: || \°\ II 

I 

qw?RSRRR hhri q^TcfRi q 1 

q^^TT^fa^RS'Wlft *PW SRIW* II || 

q^Fraftfopf I 

3TI^ %R qRrfa% 3 q^fafoR \\\°\ H 

arq^T^: I 

3nf^^rq«rq| si *r^: 'wrc? srMhft i 
q^fRTHqqt qri hH qqr%Rqjj ir°« 11 


i?r?[?r qqr%rr i 

aTlftwfrl^T 5^q?WlRgFI^T II 

faq*l^T 5R RfrlNfWT li |, 



ftWRKTCjK: ' 106 

wfoT*: | 

m «?re* i 

^wWhRftfNrf^ % \w°i\ ii 

s ' 

vi\m\ sqrei i 

foroi ii ^ || 

3T5r%^: i 

TOlWfWHt ^mTO^gNl* 1 

|f| «5if«n w* w* sm ii \*<\ n 

jsrpmfra^i^^? -- 

»Ft7^»frra#W^: i 
WT f? HffWfTfT^tf. II II 
3T?r^f: I 

*i«n#*Tfar} (% wmflfpwnfe^ ii \ \e^ H 

liRPJorRfTSffH^^?— 

HJT^fgw^M Jiop^'^miw fire^ i 
WJIH sfo 'SWIWFW yTRSTOT^ II \ \ *J II 
«rai^: I 

ifrmrt wg wg ^ftnm!:*i i 

SUfcfg^ T: <7lft goffa* HH fw^l^! I 
10 



q>i to ^« rq tfm' qfl fcm qlwft nf&irr ii^Uii 
«rR^fPT5<»RTf iss - - 

^»ff%frir?qi%r(I ®TI ’TOT I 

"*' o 

s^^gpgr wffm 3 t^tki 11 M# 11 

-^T^T^: I 

qq 3 »ffirc«nft& q? 1% ^r: 1 
aTO 3 Wmr%PfcFT w Ffr^f^ig gfararW 11 \ \ 'Mi 
anfttfrfa gofarTq# Cr zi 1 ^1 w; 1 
i£tt 3 ^TRf%FPFF ^r WqpT WW qoRWJ \\ \ U II 

fasni^p* vi i 

? 5 ®T H^q: W 3 : II \{ * II 

arqi^TO. i 

aTffTrc^fasr qqrcraFTflf* l 
qfoiTO^ <q qq^Rnqqqqpmj 11 \\<r w 

nfl^nri^f qq^wrf 

fqqiqRf?fq?H«rq^ t PTO^:'Rp: $T$: | 

fsipft qpf^^q'prfqi qtqqri^RTR n }K n 

I 

q>f*rcrc: FqitrT fsrfSRRr ^rFfTORTfa.' I 
ftq?PTfF^STnfaT% ^ PTW^ ^ II II 
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^ ?ftfdr i 

jt«rj 

TOR? ^ <TW WRTT®: T% TO? wq q II U \\ II 
^q>rai^T^«q^hffft fs«f»i: fo>: i 

o 

g^q^mtawf 5 wppi: w®: 11 11 

arii^Tf: 1 

wfaefaR^t *R®srat fcfi'it ?i 1 
si *twt *wppt qww H 11 
«^tTT^qTrT^}w>TRWr®Rq^^ 

gw^mR’rrc'pf eqk^R: m 11 - 11 

3 RR 9 Tq;: 1 

qfKIFlRRr: jw) ^ Mw: I 
3TTR: 'T’HRR HR'il ^t:? TpTSFI®: || || 

qffEPTl^^Wr^in^^RR'RPr?^ 
H^f(TXTI^R!n^I3T!»l*R^ JT«T ■R | 

®svqf#^. SRIR 3f|Ef|;^ij || || 

3RR3R?: I 

JRT^rF qif^RIW JR | 

Hpr^fl ircft yr«#ftTRiPt n n 

10-A 
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fNff«RH 5 wfw ra ftrffat ii W<\ H 

swr WFit Hf^qr * 9W& i 

g>*re q *m ll n 

^g^Fra^fR - 

fftcR? Him | 

o 

^gsrmfl^ flfett: flRR II U 0 } II 
ar#i^: i 

sq^R^TI TOTRFW I 

ii ii 

vTCTFprTW ^pW ’tf&wtf&Tr: I 

gsfg^r sfr g: «fR5j «rtto n 
h^h% - 

GiRsfaros* ffegof ^tt 5 kt n ^fwr i 

htcti mi fo>f ^ gsfr nq^q: n n 

^qisgfa w<nn H^ifisq ftfrftg; i 

*gif$ 55;JTC cTffra^ g$: g:r 3 * ^F< 3 JI II 

^n^pjflrTTq^i' 55ffffgft: fol 1 
*1 

<fln#SfaTrT q^Mrf: S^T: II II 



% a 


wpi vficrafas Jmsfafo w? i 

^T8VJI*l%^ Hf^n fSTm^ai II \U" I' 
ar^n^TSF: I 

?P5W awm =Tmi\e siri^tn^i 

'rswrw qfra s’WSrw h **rc ii ii 


fojgfsqsifft jitepTCtfffefT H'TIFT'J H 
»TfopT5TISr «IfT$r*P.V«* V-Tl 
^ wqsqqtR: *TOW 11 



awferasqqfiT:. 

«riSfan$Rw*ri w ; fr; ii \ ii 
f«r: qt frwfofe wr TO*ifai$rofcw: i fwwi— 
&r ferwoffe rarors^TOrfcp frwftfe 1 
ftqr ferws sqqfit ww<r?fwr 11 * 11 
prgsHjjro^rPr 1 

^WiwT^Ni^wg^Tfe 11 3 11 
fegsj fe*FT felHST ^nSST ItT^ I 
$nrt ll s 11 

frgsf 3 w few few wsm w wfe 1 
fefew few wfew few gw *n$ 11 <\ 11 
WSwifTT WWSrT f wpraw 1 
festw q ?tt qfewsnEqr^ q 11 { 11 

fegsrqgfwrggfe^g^mff^'T ww? 1 
^ppj^fe WT^ *M: II « || 

arafouR I 

fefsrifcwref *npTWTfggfe W- I 
asgrTOpfarcra ’pt^rw ^ tftw. 11 < 11 



siforifrq ^nwrt *t rffasn: n <. 11 
ftgsrer^R jsfBRwr *#p!R q^i i 
gW^t^PR ft ^?T OTTR fr #IRI II \° II 
*ra^hiw ^ 23:WT5fll%R F^SCT I 
SlfTWRT^T (TR®:fq f=mTS ?°?|: II H II 
?RR ^^fcprjrfaTfFR ’THIRST I 

R W-Vl W4 ROR'ScWT^ II H II 
arm^Wl Rim 'T^P I 

FWWI WW3 II \\ II 

5^3 flHwfstm^fcsFR rt*tt*i: I - 

^rfr n U n 

fRWRfTFR[%n^3%FR ^ *HRr II ? S II 

ft^srfjrePra^i: omm i 

^RTRfa%I?: 'Tfe^R: f-RR =?3^) II U II 
qfRT?t*3 SWH SEg I 

^R^giri 5TWI jtfw?R n \* il 

?RT sl RRW SSSmtef 7 ? 3 fcSET I 
3$ 3 Slf&TSH 5 ^: T% FF«5 WW II U II 


1 The raiding in both B and Vt in f^STH: ; hut &• thi# in or ro neon* U ic 
into fsnrftr «o ah to moot tho requirement! of the metre eleo, 

> B readt* fa for 
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*Tf & T<TflTtfT¥?: 


f^gur: <535 3^ HfSTNN?: II Hu 

I 

sqmtsBT^T 3 tT?T <#R: fT: TF5 ^ %>T I 
5*TTHl5SIW 3 ttR TO T% 3?T3J ^ II H II 

an^gS^^^q^JT— 

sqr^gm fegfa?T <#PFm: I 

f«K*^g^T»T: *3WTT<5 II H II 

ar^Ffr I 
Rsp^T ST33T3 3 I 

arm^ ^^TfL^f«r: %'■ <555 q f^ ll H II 
^TSI^T^tI^ <531333^- 

1CI ^ ^ 

a^r^Nt sTTtfrwgoT: qftNs 3>*fFrcq I 
^qpfems^TT I. U II 

anrri^: I 

wtwUst^t gwRsnfoqqft q i 

*■ ^R: 1% TO 3>«rc <3 II Vi || 

fafonTOirct: 'ScSRq^g — 

<rft$*r q^Rr R^hjut: q fare gf^rn^g i 

wid PsfoR ll \\ ll 
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$WrfapT«q*?R: 

| 

TC59RTfE »im fl$«T 1% IPfa II ^ II 

j^ftrohrar^w^— 

RRJW q^T ZV Mftfam ’T#^ I 

^ 1% awtn^ qfrmg n ^ n 

qqR^g— 

s'imftryft pfagoff aWra* i 

^^irqsqifTT^vqp^^p^fT^ II ^<T II 

I 

a'TWTSFT^T fTHI: T P3%HfaWP ? P I 
«qy^SBl^T fPWTP: '^'ft'PRR: *11*11 H II 
aTPflf^KS ^ 'TT'fa'Rm q apnnqm q 
'frq^q (RmRJmjPlto H^RTl* 

gqq; 'qfT[^oqp'H?5pf flgiTH'Pff^J."— 

qf^ ROT^q^ qiRfe: | 

m q & iftfa: || } o || 

3T?U^ ; I 

qf^sqiHMPt foW ^R^g ? T t l I 

w- qfM%: fc ^ *mr *1 ,l H M 11 



114 Jifarcmsf* 

^prt amfrflv- 

"K^FRRRJRR — 

?fcrg^qoiW^T^r^fl^4FR!%I%rfTJTT 3 I 
g^»RW*TTRtf ^Hiqg°T ^ Wfl II ^ II, " 


arat&T?: I 

W*WfaTf<R 55 *Tq|% W^ 8 C? II U II 
«n«TWtafirto ^ t^tt^ i 
gwRwnfc ut ii x» ii 

T^IW&rerm: RHRFlt^i: I 
g^jf^cTRUSI IT^ ?°¥RJ ^R: II \\ II 
^ 5 Rg ’THR^RTTm: | 

*P$ ^TfffTf ?WJI: II U II 

w £mg*i ’Tfar?'foftCr' l RfaR ? T n \* n 


«I^T^: i 


«TRTT«r ^Rf^TfewdSBr^ ?WfR 5 I 

ftr ^ f% *rfawg ll K ii 

«T 5 ^^ 38 R»mort «Nmf sq 


qiffq^tfit fwRiggor: i 
nlwiwt w ft f^«nRT> ii ^ r 
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9T^T^: I 

q«7 ^p^q | 

*rcwqt gsm <q ^ H « o ii 

ftgJRTW? qq: <7* qfqqrf^ q tfg «KT ^ | 
«PW TSSHEq ^TT^^m'IK: II 8*, II 
qo?^jgq^ ft qqfqc;£itf*q qtq'q^I | 
q^qqqqoqfqf ^rffqqqrq qsq^ || fi II 

sqtqqifaj^qqqHqq 
qiwtfg'q wmq qfaqq i 

qrrsq n » \ n 

9T#t^Tqr: 1 

3qr Tfi^TfaH q'li^w cct i ' 
ft qFFftRq $13 f% *N ! WJ R q$$ II 8 8 II 

qmgqqqmF 7 !^'?-- 
50 Rrr#rft^i?i 31 ?^?$?% qgfas: i 
WlfonjUFI’n #r: T? 5fNl II 8«t || 

anifaT*: I 

«T*q qg^SRq ?Ri;q q fm WHIN I 
qpqi* q qf€ qqqiNW qfaqtf ll a< ii 

q%rq«3i9^f^q sqwirtNwsapPR^— 
qig nj> fqq , pq affoqq i 

arwRqr q^ ftqfft qq qj'tf ll 8» ll 
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ar^IW: I 

SfT^facRL I 

^ fTTS^fR^ ftqj^ II «<: || 

?R sqmfm^iTioiw 'RflifH^r i 

m w^. 

tfT: Rt &TTO IRflff^R: i <mi' — 

mTprm i 

II »«. II 

o o 

awr *t T5m^£ n s» n 

3RI^RT: I 

ftg^&SRqrel ^ HTO m I 

wrc *Tf°nt *t »ifiRrfiR*R 5 ,a TO^ ii * \ II 
5fR?^T *g|sTI$ ?»®t: I 
<?3T *R^RT^ aWTTOR ^ II M II 

gsn sn%gRT 3 7 * 3 ^ i 

SfwpVr^ w f% ^R55*«nFRrc n M ii 


1 After this M adds tho following : 

MqftwrjfJrfl?23^rr*i r m*? vv?w%-. rr i 
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in: RT ’WffnTFll ^TST^tM JF^TO^— 

Rffigsrif: S<? aF°TT II ^ 8 II 

I 

flPR^fOTR 9T WW WlfT'SFWJ I 
frof 3 3>«TC TO II W II 

aTTO^ 7 ^ SR7T ftfcffa TH I 
^t: &■ H^4 ft *TI®Tfl if VW II M " 

^3TTI?^I%%7 I 

TO^SnrftTM f : 7 $R»tM lft<J II \* II 

HR ^Tcl’JrE ^fclTO3«WW II ^ II 

q«mr q^mftnTti ^i?q?r 11 ^ 11 

qi 3^5(101! R^^R'IWlft 1 Rf TOptfsW 
q^resiR-iRf^ 1 ?— - 

^qoqftr ^T^IGHT WW^: 1 

sqm^'fi'i^ ’tPn 1 ’KSRW? ^ II ?° II 

37^71^: I 

HJ^rrsn^RI^T f«R>*TO ff0 7S W I 

<[fa»TO7 ffa*< f? % •* MKiq^ II u II 

lift* 3 } If W«ra*l I 

RffsHlRSTTO* 3> ; : ft Ti?5 Rftf II II {'I II 
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r^f’n’TTHsn^nC'^) 1 

o o 

sTw^kgoi^n^TT^r ii O n 

«T^T^: i 

't^TfKSTW f^F*r: i 
'TRfa: !%■ »TRTrt fT5R % ^PW II K* II 

tfSMfR&rcg ^prRsmJT^— 

Wlffl ^TT^facft I 

$WK3faq;ii ^ n 
3T^T^>: I 

«*nmSWF^T ?og-f ^T^RR^fa ^ ^R: | 

?: Tftft: T% *rl&ti H?4 || 1| 

^SRfRilSfTR^’T RPPR^TR^RRRT ^ ^PT5BI*W- 

*m— 

PrfjRT^ft SRim ^rfopT3 I 

^RmqRimw^R^iRffRR ii *v#J- ii 

3TR1^RF: I 

amflSBKST 7^: TO | 

HWW ^ ^ srflR^^TS^fRR II || 

sqi^SBl?^ ^°3T STRTWmfTW TOR | 

^ ?t ^«rtoto^ttrt ii ii 
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55WTW 5 °T[ ^Tq^fotfTd qqft # 1(^3 I 
qq^iqrft q r#rq II »<>} II 
3Tqt^: I 

5T^T*°?PWit gqsq ^ WW- I 
TOW WSfa ^ qgqp.iH;q flfr 3 <fW<T II || 

^IRfWTWFT SR RjffsjTfa: 11: I 
TORTs^f^wfii f% 3 qis qqq 11 ^ 11 
qRtTCTOW? W^iaqrqHqioiRqfl^q^— 

Wh Rffaii =WR I 

VO 

^5 wr^ppu^ flq ftqfFR. 11 ^11 

foqfafoint ^q ~ 

^TOWlfatR^iRlfqifity Wjf^g: I 

m«pfra; 1 rjr vW Mt sftar n *«■ n 

31*1*51$: I 

rtiirr^* tii m^T sw %m i 
q frR hr sj $1 3 fwi -w«(Rq ii ii 

^ i^wim * TOrafiww * 

qjpTKSfjTR^:- 

IR^foflRqqR ^Pw i 

^ura^ 3 r^qi[%:qr^ nVq-il: n si] 11 

1 The reading in both B and M »■« n riven •!• v«* ; t.ui ’TCf 5 T»Tr?'»fTiri M <t ! 
q< afar gi?e* the required meaning 
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■PlfaTV: I 

fosnfasl 3^ 1 

$$ q«q q'f^T f% -sag. 11 v*»\ n 

q^Tifaqroswret ggrottqt: 1 

q<qiq q*T[ 5 i«pfl: f% ll *<\ 11 

q^TffaiqPRWld g^qitqt: I 

qfq^qrq^r ararenrer 1% ^ 11 ^ ll 

^rarw q q * ^P- 

qiaHqq^g— 

00igw£q : qg?ffin sgiq^wiffa: 1 
^Tqagofi qqqfcfeq^qte ?wi§g 11 *• 

3T0T^T^: I 

00 q$&Tig*q#i q«n 3 «ft 15ft 1 

q«q qqift q anNr firi*Nwi 11 <\\ 11 

qfq'nsiqqq'ff^q-- 

cq^i ^qfriqiq^^ ^’ ,| 11 

3 T 0 T^T^: I 

jTl? 53 rqgsq*q (I > 

g?q qf*H W WT^«5ft‘qJ«»3WW II <^ « 



^TB3R- 

q?R^— 

f^qqRW^^wr ^wran. i 
■ffTO3l$fl$T VWMRr RlfCTf FIR, II <*\ II 
«T^W: I 
|^5rTMi * I 

R'qtSJqfgmRRTJI^^^qJrfaiS f%q || <\^ || 
RwHRq wfa^q^q^Rqq^q-- 
qqqsr^rfom fiMfiri i 

g^3Rq>3fa<irc$<T*W qs?r£ ^ ii t{\ H 

qRq|$$ It It ?»fl wqst mrq i 

^q^ f ^R^q^Frr i qR w, n <»}- h 

^R^mu^q'i ’iRqj^rq-Rfq q qqf rtmm- 
WRIsfFTi W9&quT MWfaffft: ^qHfRTFRqR *r 

m- 

wqq^tfqsq^qiqiaratq^rcTpi^^R i 
q« mfRi ftfe ^ftfRitoffRij n <r<^ 11 

*5rft*T*: 1 

^TTJTl^T^^Fiftqt qfrjafq^? q | 

*w %Fq#q w # qfa<R*qfr 11 ^ n 

w shfr 11 
u 



122 »n%<T<TRfrf^t. 

pr: q? 5T^5!T^rT3?rfT? IL? Tf’T: I SEfTfV 

^n^fT5’TT ftgfSRTI JTlgf^: | 

«r^*TW: II ^°~ || 

ar^Tapr: I 

3 sp ^ 3 i 
9W frqWtq 3TW II «,?}- || 

^ & qffrr H7? ^ 5f?q 3 i 

apqq ftipTO ^ffET || II 

^frfTFqFFRT^g^^3l^qRTqT: nqq — 
^rg^3^«n?r: g?tfe*<rgj?q|«r i 
qiffrfr wf TOfrft || || 

3ra%r*r: 1 

ftjyq*9r#nwrf 5I ; #3 fT<l flgr»-TFT I 

^’T*? fqf^R-qfsj qr&rfTfTfqfT II ?,V^ I 

^T^^Fq^gjiF i 

5ft# ?r n ^ ii 

«T^T^: I 

* qnrsr ^ar * i 

ffiWifl# % a spragrcmg; n u 



?ft»n5taarai5l<:. 128 

STMT ^ 

*TCfT 1 ^crraW'jf fTRTf ^tffrprr- 

Tf fl^IJ- 

■ gfipjsft fSfSfptf I 

*ra«n ffref^RR^foCTR ? ^iis^ n ^ n 

3R|iftT$: I 

gRfoqisR^R^FR 4 ww ii II 
f&ffqRJTWTOR’R^RF ^ 

5PT^5(55n^l^S3(VIFJ5i;q^IJiil’fr(T- 

Rgfrfcn f| £tf£4^ i 

3TRRT gfr «W>p'(H >SS WTO 
3f[SW;cB^[ few#? ^VV 11 «£■ II 
3|#,W: I 

r£fl«w =* <m£fRft 7 i i 
^^RS^^WRI'T^IR ^ II \°°\ II 

3RW»TRS^^ork«H^5TR^ 

m— 

^??^RIR^RF-RRHPi^m^ I 

<T^[TS>R| * fSHR ?<* frffTOJW II H) || 
aisfRRT^: I 

ftwWR fS3$njRtf}3FJ l 
*? II \°'t) I 
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*9— 

^si^F^q^i^rrgsr^t 3 # *rgy? q 

^WpT?Wl fq^«T I 

^''rtqyq^f^fnq^rfqqrqif^rsn^Tl ?ti- 

qqJTqpyfqqtf: || ?o^|| 

3T^r\?T^: I 

< ^lK<t'f£$'ft‘M'-q qfaricq Rqqq'jT^ i 

5^qg5T^iq^^q^[«n^ T p- ^ N ^ 0 »\ || 

gq*N faqqqgrsrRqqfrqti — 
f^^f^frgronTT sqgqsy: ^twPT tyry q^rq | 
^fai Hifforqr3qqq3iTq?qq^3i n ? ° ^ n 

o ^ ^ \ 

^Bg^fTC^qf^lt^T^qq^fewn^ryi qqq I 
wg^^gRgoTqg^i^gfqpr^ Wf n n 
^q§ftf^>^f?qq?TIJgsm^Ty gq»3*q) | 
cy|^‘ 3 miqqi% , ]'irR : q^RNiq t ,$ gfaigaiTqqii 
^BFBFqH^^g^ni^nntg^RqJTfTqq - 
qrJf gsrstf ^iSifitgirr^T qgift: i 

^rifeT5^*q^[sq fs^rqfqg^ qq qjoyqiy H n 

3TBf^Tqr: i 

f^qsf^TFq^^rq^q qo?^ qy? *| | 

1 WOIiqpq^ q tffaq i| \ o^J- (j 
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^TI&ffsqerfR:. 

»RTg 3 n$ rekl qpcqyq I 

^1 35 ft M3TI ffWRj faptf II \ \ «5 || 

I 

I fefHNqnpj fogqyfa qpqipR 1 

TWTfewftg^ JRFR'R*# |f| |j \\ ^ || 

?[% SRT«T 5 ?R: WITT: II 

IS: ^TTiq^oqqfTTJlI^K'Trq: I 

arra^T wq m k-ryR y^H^y tft 
yrk, fcrc*® qifqnqy m m, k=rc>% ^f^qy w 
nm, Srsrra Rqlfl^qr wk qft, fcnra qi^fafoT- 
qf^qi <$ frft, ?tspb^ ^Hfqiqr«riq!^T«fqq[ «q 
qk, f^jfSn^q iqqftriqm fkpqqr- 

qqf^i f&prtew qf^FR^f qqi &te& flqtf nfi, ?kq- 
qtffrt $qw ^ifeqanwq^yfq ?e<nVr 5 W*rw 
%Bfli%SFrcqFqi f iPlHipPPKqFR^aRppq-q qsn^feqf- 
fqprq^ y^tq— 

yqyjq&q fqqyfipksFr tof 'im ) j!% 1 
JTfoiST 3^1 qSTf: yq: q^WI^WlHI^ II II 

»RI^T?: I 

t^fpr m\ ymgywr ft 3 wj^tt 1 
«nm qifHFST qfar <TFnfa q sp-rq 11 \ \ ^ 11 



126 


qyoff qfaqq w qqqcjTsreq ^f qqg;rg: I 
Taflgofjyq^T £q*q q^ ^ qrqq II II 
^nqqqj^^q £q*q q T^qyq? qi%rq. i 
qyqq ^°fa qq ^qfqi^q qry qy§; II 1 \ 11 ■ 

qjFTifq ffSRq fqgofi qifqqif qif i 
^^j^uns-q: qqqq^q qFrq^TfL 11 U^-n 
artqqqq^q^q wm fi;q°T fqq?<qy qjq: i 

w -Z> o o 

qqf^«rgqoTi % ^gqfeqmq qfqqq n H ^ ii 
arrqqqqy^q £q*q q yjfiq ^wq; I 
qqfe: qq qyqqy sfiq faqqiq q q?qq n U<\ n 

qrorf is^off qiif^or. qqfs^qjfoTy fqtf: l 

qf qr^q^qpiqqqT^q ^;qqq: n II 
jqn'q sT-qyqqq^wq^q q( 3 r<r?>?qyqqq qyqqqqq— 

3nqqqg*jq^q ^wi y%qy q f q n W°\ n 
3 frqi?^Tqj: i 

aqiqqqjyjim q qqfs: qqmqfqq?qq gqy I 
qieiqqif' 3 Ti%qHiq: ^fq?qiq % #r 11 11 

^B^^qqq^qiqqpiqf^qffq^qyqqq^qq - 
qeyqqq qyq Cytw^qpr ff^q q^fa i 
%h qtf f|qqgyq>pn: ^II%?y:qrq\: II \^|| 

«yq^T<F: I . 

qy feqn% q>fqq^q?qwq> qygqqqf q i 
qqq> qffr tfia qryfcpry: u n 
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«Tm^3wi°ri m^iprRt ^ i 

'T^l%: II II 

^ ^oT^q} q p«n 
qq^lfefr^qrqqqijafq;-- 
qfoferft TSTT'qiqi i%n*q q?q55q. | 

v&ft Hfqoft^ q^fi qqfeqq w 11 11 

I 

qftft: ?t qgfwT^qn>krq wWt zv i 
spq^q^Rq qwqwq q?)fe*rai 11 il 
fsrqq® sw^’i} q *n<q[ gqiilfcfl?*qffqq^qq.-~ 
^rof^lT fsq’W^W Ct-TIN^F i 

qs ^fcqsri f? 5#r qp°r n 11 

*'■ -' *. \ 

araR3T*> : i 

arrqfrqgwq il irn qfesnroTHqnq i 
qroftg qqfjgsrqi: qffqpr n W<\ n 
s^resq^qj mqsqqi q fn«n gq- 

$1 fd ti ♦^qprqqqqfi 

qgn?q ww-r i 

q?R f? qsqif qp*r HRf II pO II 

I 

WTfq*ni 5 ra: q^TcflTWTf^fqBqqq I 
spqiqqqgw H S1W II U 0 ^ H 
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HTSlHHPHfHp. 


flVOTlt HST! M^- 

hot&j'RS ffcjflrt ^pt, mu ^^Sfq Sraqw 

Hgitf flft HOT^HT HaH^IHI 3TR fstf#^H5¥IT- 
qf TS^TUiqi HOT, 3TOT! HOT^fHfWTT «T^ 

ftoffa$5OT T^Hf^l fSTPTNi 1MT tW^RSI^ HH- 
H^TOT^ feifl Hit, 

HIT*qpTfqHfH#iTteW6f I 

ot^T ii m\ II 

5^ fT7^Tfe: ftgoTJ iff: ^I^FOTH I 
HircpMm'Vfflt H^OT I 

njfarcaftFnr: hhioth^hi^i ii ?u ii 
ar^T?: I 
k I 

JTCR HfoiH fg?Wi T® <|pq mi ^>fsgt II U# II 

HTOT^>> g S [W1 gaf^fT: | 

qfSrH e^t T^i'lgun hotth; TSfflqHi u \\\ n 
arrra^gw R &* hotht qnitf is^ia i 
is^h^htciw OTICTPI n H { II 

HfltfTH?q^SlOT v I 

w&i fsTToii^^ #i HSRiqtf^r^r: ht 1 ^ ii u* h 

arai^Tqr: | 
m- frqqtero h%h i 

1*1 H$ HqVira: ^t HT5: qn II ? \< II 



foiTiarasqc^rc:. 129 

, T^: fTR *Wi $T 3»r Wifl: li \ H II 

itfl^qg^q i ^fgqfwfri fgrfmq i 
• W 5qR?Ti?F 5Ff ^ W qqffR: li ?»° II 
gqq*q qq igHjfcrrqfr i 

° o 

TS3°TI II U\ l! 

?gq*«qrweq^qi wr- 
q^eqf w^q qftwwrqfHiqp h^tr; sqqgw- 
srqffq^q q frogqiNqwq q qqfim^qRwq qrqq- 
q h5r 

RqRSRRqRiRqq q# it ffiffqqysRqm: | 
iqfqiqqqgwgqpfafq ii W* ii 

o 

3T^T^T5F: I 

RIR:g> ^'?: | 

ftsq tf HRfxTH II II 

#fq§5q;{ | 

qs^$fr?IT : qgmi: 3FI^ PRW II t»«ll 

flqqjwgqi: % fRfqqigl gsnwq i 
wjqqqgw^ ft fp^iisg^ m q;qq n ?»qii 
fow^qi fT^i qqq^wqRq^q qiqqqgw- 
tfqiqqq^q q gqg— 

^qqf»ifr»q q« qqqgwq qi$ite?<R I 
qqftOT^ ^qRiqmqq^+lfcgqt h ? «< n 



ISO 




apffaTO I 

[f aqqgTW&wi tr i 

«R?TCmPT RR w: % 5 R 3 f>n%f*r II \ «vs II 

qwKSflfjpit fneu, ?ws?qf 
gory qffo^r, ^gfTf^if^rwF'ri vk- 

5RR, qRHTgHqqjTWq’SSqKgfeqirqq^Fqqqqq— 
5*qq|%5B^I%^qqfRT ^FTT^fTT FITS: I 
fgjjqr ffJTFf qjfffl ^ Tlfggff: II J 8<T || 

arq%rq»: I 

qww hhi? f*jr ff qpr fz% fw zv i 
TSRqqgRRIf fFFM'4«FFF ?l? II W II 
fg RR qfoR'TR5Rfl *R| f/ wjq R- . 5 RR. 
feqqq^qq^mfiB^iR gsn feijfSrmzH i 

RRrf qRRSIH J|fe fRc?*^ [IW : i II ? ^ » II 
WfR^F: I 

?FW[ft $ 5 Rq f^wqqgqk^R rrrh i 

RR5HT?eq#f qqifqRRSRRR 57 || II 

^q^qfRli 7T1RI 
gR^RRqmfRIRqq^qf 

55sqRR I 

gmfsqgsq %5Ri ^qqi^qqg^gsi^qr n n 
3RI^T^: I 

55T5ff fgqqfaT 03f: 5335 555^: I 
f^^%Rq^mf5: qRlfeqqqgW II 

jwjftiprrofwi ft*ro«i qqjj fffqq n n 



^JTTOsq^:. 131 

SfRI 3j[g- 

*IFni 3 ^FH 3<w^l' ftfq^sqir | 

# iRgsra =* ?!$i: ■?V^i n {'^] n 

j 

5Ff*7IH fRR#5W % RFM’jRer | 
iKRIFl 3> ? Ict f[f WOT*’! H qigq II \\<\'; || 

fT!^[ <T« : flWfoTfl'B5E?IffT)T[>^5- 

' v3 «\ *■ '-■ 

re^nTga %v- kTlRignk^f i 

««T: ^ ^ II \\{] II 

3?#,W I 

T,m r i SWi RWFTW'TI: I 

im~*A <fim «« fJTR»'l^*R^IRPJ II ?'V ; II 

vT|«f| Rffl^RRRfT'HS^fgqRH^STR- 

*IW H3R 

tv * 

arenW'Tg^R^wi^RRS'TisRsr-iR 1 
q: »R!5R fgq^Ifffgepf =* H^FT? II II 

3T^%^: I * 

cRRlft R?RRFIrlR73 I 

i 1%I?E WI2 Rrni?an % II tHj II 

wfq ^qjrfoT^TOHfKqi fn^T ^^fgqqRq^R- 
qvnj^~ 

'qflTjiqr ought to he '5p f ftl^ ; hut this form will not bait the require, 
mento of the metre. 



182 JTl%fn«nfc:. 

^SftcRftcTCgciq I 
^Tl4 fTf^T %&* II U°5 II 
3 >^fr far * wv wr: i 

f&T$T*RTC?T: ^llk^'Tt^FI^F $1 II II 

3T^W: I 

g ^7 *|Wfi3 ^«WT%33TFT SFIFt I 

gprfft g?>?r %w s# *rforim*r?r 11 11 

*TFTT cTfifT5^ j rFIfR;^^iT^TT^5rT?RJTfT- 

^,— 

qfaq qg^w qqsnrr: i 

^ H«TItW $=IF ^ q&FE55 q^fa: II ^ II 
«r^TV: I 

q ^Pc5 qq Ffteq i 

sttf wif qqp] n <prq n \^} n 

5qF^ir^qFfqq?55 q qr frrai ww^gif^Basr- 

xT^p«prf5nnwwfttni^3f w?pwi fa wjwww 
* ^q— 

qqWlFF?3fq%qig gg£ gt pjaq i 

fgqq qq^pmgfmqg^gq^^ fw ii u^~ h 

i 

#f q?q qq ^wsiRsf *rmq i 

fg«q^|mqg^dq: %■ ^ n utj H 



18S 


^TOSJ^STf:. 

TO W S^T 3<I!#F JlffaiJ | 
famtjwRi^ fw •rowsr ii U«* ii 
?PTR3 ^ 

^ fWf^sBqrci^w i 

mr~ 

q^mNrcgs ^^ri|H]fT%fR i 

srff^RT>n%g# fwq fww n M^l n 

afl^W i 

^gi^T ^?»T T^Ef^r 5W1*<i: fw: I ' 

$*R fawfafTOqpir H ii II 
qf^tTrt ^foirT: tiTf^ | 

y$*m wRHPw^'r araftaw ii \*°- x ii 

? i}?fRmTO ^ sti^t <rai^rfa>- 

^s3Rr^<R%33[|RRhgw^q Rg^wiom^RTOwq 

m- 

^qkiRjc* few gafasrfaF ^ • 

gFq^Rrfe fse«II%^5r»q ^Olfi^R || W} || 
anii^T^: | 

qfeftff I 

jmfaeri fiwiftjsTFi gsro^wra » v.^- n 
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swrgwrilfmjT mi fn<qr 

— 

'N ^ 

?5^i?(Tn%#^rR'iFrfgDfr^ff gsrr ^st i 
K<ggft[%gR s^ggrfaiM q^gR Ts;{mg*£ 11 ii 

•T^i^T^: i 

gr^ST qtR4 q3& *m4r.sq?5«ngT m: i 
W R$ ffW ^^ffRfT^^qrtRrg II >^K;' II 
fs;qqq3^W3°wr%^'ssqs : ?qt fn«n qsnq^m- 

RftT qT>ffqq<RSRm«J qff. 

fi*rcq gftfT^qFmsfa q^qrqfq^qqffi^qRqqsfq h. 

i \~ 

fq«?gRq^q3g^#RRq^i%<?°jgwqqg'fg | 
^sgtrerajwg^frrasg q s^: s^t: n ^<0 h 

3 T^T^: I 

qfq qeitfiqq: rtRspiii^tR: gqiwg i 
qr? £t*qf ^ ssqqq m gR: n n 
?wSwRr^raw qisi??r q^qq ?resg i 
®*q*rgwflq $i q^rgftsr ii ? vs\s^ II 

h£wt q^rcT qsqtqq^q^ sjft ii ?«<r^ n 
gftrotfrf^M q^itfVragfan w i 
«?qas*qq»*nTTtf q>qp| g* *q®srR n n 
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sjgq cpfolTW ^TffKcF^ efj 3[ HfJ- 

^ wR^mfci 

o* *re 3T ; TO33WFHqn *TCFT I 

<\ ^ V _ r 

aw fliwiw fOTWI- 

{H^5 ? iH^Taq4 :: affia['?iRi?'i wiri, l 

°\ 

3?miflw?H ; Hw *r «a*j - 

T3KF?rc<Jf<Tt sfiwl ^ pfi i 

STRIVJ 1 ei;wqjm!S ; fKa?W ii K ° ) II 

arai^T^: i 

^t^T?w^'Ii n ’^ff i-pr *f ^ i 
tfiWFTCtfT'? TMF'FB*# =?Rt ii \<\) II 
W^Nwl^T ^WTfsSTf tflil’TW I 
qiasrPT g*ai: tFisw?^ h ? II 

gj^T R q*fpT =? ^ I 

a^T?W*MWTSf: IMIRii * f >v\ H KV; II 

3flsEiq <?3 1 

qfaaun^RNi ^PiRsw^fr ^arR 11 K*> 11 

^Freftats si sraRtfrafaH ^pt =* i 

3 ^ 

^R<[q =r|h|: ¥RW( H U'; » 

$=ffq^ WWll'W q'Wm I 

ra: q^T qSI^T 55R3*WPIW II \<{] H 
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'mST 5^ fth I 

II \<^\ II 

wrogwrStf faiftfwpra ?rw i 

vj*$f fafafor wiTORr n U<\ n 
gsnr«i fi^g# 1 tf; ;?>r ^ingfTtftm i 
yr *WR$: 3FS*T> flfag II ? <^ II 

jnrmfgqt fTf^r wfag. fafcTftanr- 
ifa #ir erpr fif^wgs^^ iWt gtrgw frwr 
<T?t<T**IfST?rc*T qng- 

ftfa** T%*TtH fffc([?^^Fq Wf: ?M II K°: II 
3T^T^: I 

«T«TC«I ^WTHS^FT: ?Fl3r^ W- I 

^*«Tiigsq«q m tr *mi f^rtg *nr; ii ii 

^•5^ gwf: fffls# W I 

gfa*l fowtTfrfFT H >Ml f+"'7ig W II H 
«^|=Ef['TI fcRT^W-j: ^rsft g*.^ I 

^orte^T sqf%qg«f <!5g«fcw gw II II 

cK*T 'fi^’TTftgfl iTHg^qoi JT^f ^ | 

«Rc5*Wp9 II V*>»~ II 

jTf^gOTfrw^qr Hpfgsni^ ffcwT ii » ^ h 

is the reading found in the MS.'., but it in not correot. 

* Tne Sand hi in %’>??T{ in grawuMtioally inourrect ; bat the author teems 
to hare intend <d the phonetio fusion for the take of the met e ; ride stansa 204f 
of this o hay ter. 



*TM1 flSqsff^q ^ ?rft 

aW<repR1S' ISSM lift ^ la^'FWF qSWf $51555^5 TW1- 
^Hi^nFPPW q h?r 

qqSFPWiq ^ST5frq^#mt$ll%.l 

?<T 55$5 WWflt’faffi II II 

3T^T5>: I 

wv- q^r-f; qr^qn^Tm^^i ^8 ; i 
qaj gr^T Hjnqsiq qfa#T<tf n h 

^tq frrq^mfqqq^qiqi: H^pjiq qrjqtiqjiwNn 3*1- 
qf^qiqqqiq apojq^qiqqq^q 5 HM -- 

fq|rqqt fg7T°i( RrRqi'i* •iwftRrc'qq 1 

qqq qqi?qfaq iq^q°qrcwjiq : q^ : 11 ?^*V n 

3T^Tq>: I 

qsqfrqt'^iRiriqRFi ’tf'M Rraqiqq 1 

q^sifq^qiqm^^r^qr: « 1 m' 11 
^I^q?qiq V fqfTRT'q^Fq^qq^Fq: I 
qqqfr^T m\$\ W^qm: ftrq?W3 II II 

£U5iq>Ti£q qi foftwrc 5i 3?&qqRqro- 

anqqqq^q^^^q qq^q iRq^q qlsrsqRi- 

iqiqj gj qwpqrgqpqjq^qt 51 511515155 qfaF5 c 5 55T5T5U 

12 . 
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W sgfajVf <T5Jf3i»T ? ^^fFI'=rT5^ ^RcT^T^ir 
S& $jki$4 Fr^jofgqftq RRPRf?RR*RfT3R — 

¥t5r^ri^5r^ferfqt^frf?q ^r i 
frrwfaqMflf*^ 3^ f^pprc!! || s*o^ || 

9 TT% RPcRT 53^^: ?TFJ h ^IJT II || 

RTptf fn%^i^3^^qt«r 1 

#s«ri ^ i rf^iw! H^fT^rl t\ 11 \ °\\ 11 

ST^RF: I 

*^TF^3^TFTFfa: I 
*f f«T RTW *tffaprm 3TRTW II 

T3 *PW^4 ^fJcTf ^arqprqfq WW || ^ || 
STFRTFftRTCr | 

fPfr-ST ftP3RrfeqcTI fflf || \e{ || 
3TT^RTW^ rfl HtTTR-RT fa$T$ | 

fPPTlfarl flfTflft cT^m fcwf’pl II 
RF’TTrfff'fWI I%^m SWFlh^ 5T%fT || ^ovaj || 
fNif^^TSPRSfl' i 

?F«F«i grfMTft^RsffST *Ifq>: P*MT II W' II 
H RFprmt 1 
rw ^qT%^fRR4 ftpr h vO ii 
flpPTTt^r^^^ ^nf^rfawMl: fprpprfcr. 

1. 7 3fT*rtf is grammatically iuoorroot sinoe there can be no «o ft&hi between 
' $ in the dual number and ; vide footnote on page 136. 
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f?n*T i 

wm; ^i?>. n n 
I 

i q>ft vm ft g^rMlfa i 

stum ’i# m q^iqf <rRq[ft w-i u ^ ^ n 
spfrfsn #nqRq^f awiR i 
g-qqffjT^trf q^HT^TTH II ’, \ \\ II 

q’fRmywqFit q faRqR$>r£:*Fit qwsRwp- 
wwiTHfff^qTqqqqqil: - 

qT*%3rcrr Rgt i 
Hsrqjfff 55«ffat ^sRItTR^: II ^ \ \\ II 

«pittw : i 

H*T^f3sr^r qpw i 

# r i; q* st^t ymq f% *n qRM. \\\U \ h 
qif ?q|^T gR q^iR *rt qg&T h}tbt i 
Rr ^ n n 
qq^rf^gsw^iiR'ra gfifafai i 
frflqqgwiRwrsqtfT ^ N ^U; ii 
5^FT TOT^T^: 5#n§^T ftqfW^ I 

q*#r R«fh: n =U^ n 

Brerwi q q^xifwqR^T 1 

gfo&T R^qrqqqf: ^1 w?*ror: m n't * <R « 


13 
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’TFKTflRffftT:. 

STTf gfwg&Tt I 

^tlfrrs^ II ^ II 
W ^fglWT qrqq ^ I 
# Ifa H II 

?0HTfqi5qrH2irfT>TfTT^5iq«q ffqq3T$n?m£rqFri gi«r. 

555<r5qf^To!TT?fl F*T *ra*I I 
c?5^t g^rr goiqjgg n 

3Tqi^F>: I 

?riw l 
«FFT8ft 11 II 

T^'Tj g&FT^^isnf^NM g^w ^ 
T^fFFW q *TMT - 

mr- 

<rf^: qR* H^Rff^=fFrwr|%T cTrL I 
£qi«TnRfff frpw faffr$0: II II 

aTtf^PF I 

^r?i°if q<forf*q<THt q I 
Pl^ Jfl'uMdTatfT II II 

ffqfrT5qW?T^TFTII^0?TfRt ^FT qfaR’R rfJlFMR- 
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o 

qfTW 5qp Frt^TfHT?: II II 
3T^T^: | 

• S'Tim 5RT fflFT Sl^qf %?Tt lg | 

F??TFT ^ $T ^frrWOItqT^ rTT ipiRF II II 

w*F|W33qm?i =* tn's^fr^i ?r*^f frwi srmffqr- 

?Rp- 

q«(3^ | 

(Tfe^^IWT^ T^PT^ II Vt^ II 

3T^T^: I 

^T frT^f HP | 

*sis) f| yftcTFJT: m: FTT^fWl q% II W<\ II 

*T *FTH?Flf ^ ?nsri qw}«W. 

ti*W'i ( w<!5i— 

JFftfqj’Pp ^ 3J1V] Jurc^q^Tf^ISfT: I 
Fqf^*HqT?PT^%H RFf^H: || ^<C-|| 
3T^T^: I , 

5 ??r sete} ?°?t q«jsqmr ir^t:* 11 n 

fPfFSTFi TFT <^T qrT TI g l ^ft I ?RfFIFf 
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3TTS??fa frl’WTW^n^T^ Nl I 
m- FFWF'Tftr^wr q*i— 


JrmF^ffF'TF JTm #^F: Hfnfcq: | 

^ q mww- «*qR«rft 11 11 

3TW^TJF: I 


WfTTO&Tlft Slft^l^!^^ I 
qiqss'l sft qmi^pq^l FTCl^f II II 
fiii Vflfafswfi*: 4fnmr: n 
m mmf? #W# qfifiFi^q «wt 

3TW TO® r W^TF: H*TTH: II 



fltrc: 

Si, 

W fffflfff fsjTTHI frffffffffTffff || \ || 

fcnw qrpr ffffffffift flftffrfr 

ffff} 73rfff gi%cT|^JTI??fTH (ffff) i 

ffS'ffril FrfTffftff 5fffffTTC*m II ^ H 

m 1 TTffIffI#F:— 

fm* ijflffi i 

gr?#Sffr irc<?ra; ii \ ii 

*ffmi%ff13RWTffiJ ~ 

^rsr'Fs ftwiff =-wiR^ iffl! i 
g^gfaai'P-T HcHff^FH fTTwfarwi ii » h 
aTffl^Tff?:. 

Wy vfaWJfW tw 1 
frffFT ftlfffffotT f% ff^ff II 'A II 
i%^7 I^fi zimzmw ^ 3 1 
q^TfeiFt fffftsFffFi 1 % »ri»m ii ( ii 

ffigSTffSffTWFI £rffF7 Iff 'mfeflfi^Tffl I 
^«Ti StW Iff fl«Kfflff T% 13 ffWII * II 
aiiffffffg^’Ei i 

fffe#ffUsSTci UffffPJ ffRff flltTFl II < II 

11 



Ui irfararanpr- 

^ ^ |TT3? 

«n«rt ^T^(T^fH?T1w5T«Tf 

^r^I^<T^«TrTfRTf^^pf|ggq: | 
^HfanfflHrTT ^[W^^WnTF^^fLlI ^ || 

gfaw ^n?t i 

<K55 M ° II 

W flf f’TCTH £r?mf ^ptMct ^ I 
3t 1 d ^55 (Tr'F^qtf^^T^SRq fr^PR II 

^#cpp<rafo w wt*?^ ii u^ ii 

«Rlfcnr: 1 

fmgTsn farffoqfl* <\& 1 
5W f% j ti% = t jn%%mer ^ ^FtEPL.n \\\ ii 
*ht n$ i 

t«r> sw f% »iMw ^ 11 \ *J n 

*rcffrmt ^ni f^RTm^f ’fkt^ f& i 

ST^T ^t: % || ? || 

armorer enw^ffcfcr fw: i 
*iw g# <!$s5 fcftsst i% to w% II \ <\} ii 
jrt^rt: HHmn’TR^t^qgsg i 
faRKT ST^TfL^T ^T flTH ^Sqg II ^ II 
^m- q«q T%^TtT^ J q*^T | 

*TOf?TC*T ^ ^T f% rTR *rfaTTOiUI II 
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jftfa <T% q q^RT^ | 

^ qq for HHnft qqft iffonrcsn n ?<r'- \\ 

^llWR: RFFTfopTTRRWT q RM3*P?T q»r fpft- 
3MI«WW(C^ 3KPT fotHMH<HH T ^ R3R — 

iftaigfcr nffm ^FJrferg^^rjoiiri i 

3WTWJW ^3# || ^ II 

'rfon q«t 3 irn^ i 

gRtfftHWT grw wshotf#! q n \°': n 

**%!*:. 

ftgsrqji^rw prpri tfrttpt i ’ 
^IRfl?H S'TRT: FT: II || 

aJiqjRgnqpft fasTRHTJH JPT?fl: I 
qRTRTrl.Tffal ^#FF ^ II V-( ■• II 
HPT RPTTRIH’RFT % '(FT 

PTPTCkS fTT^t Hr^P^Pl «PT$W? FFIrf'GSR'RFT q 

^l— 

spT^fo: FTRfTF ^ fl-WES* I 

Rqg^ffTRT TOPPjfrqWT W II \\\ II 

m\w >- 1 

FR^W* qfa#FRT*foR[> I 

ffl^rem^Rpw^ fowl i? tww n '■<«’- h 
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irftiraPRTff:. 


cT5T55^tN ^Tfr? ft II ^ || 
to ^rr%^pr?T ^^-TcrgsTm^rf ^ arsrftwr- 
gsTTfT^qr *r Sc&mFT ^ *TMT, ?£tcfaflf*KTFTT: 
gfWf^TFRTO, ^ ^qpiwsr ^*t~ 

g^goTgqj g^rT^^T^i^tsff fTl^gq: I 

T^mgfg^g^^isrrfr: n n 

tmgm ^lfr fmw^ ^e$stwt l 

%'TT 5*3 ^TSHl g^n: %S^ &: || ^ || 

5qTm§ E ffT% 0 Tr wsqr^firtv I 

«H*nifof Hggonr^-^Jt «b® *i# ii ^<rj- n 

3T^T^: 1 

^¥Srft«i>*TO ^ »fl55^fTT^ 1WM I 
ft wnroforccs fjwss * to*t u ^ ii 

OTIS^TO ^FT^ITOffcPWl ■* 

w\- 

gf *ri%g i 

ftg°r ^jsf^wnftcrg il v* ii 

ar^T^: | 

«r*rer ^ ^‘id^img^PTw i 

ft sqi^fTRTO npft qjtf ii U~ it 
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qsfcr 

JI®lt ^TFTl fN tTrff'PtS!'T i 7 : ?H^-- 

HI<fTH"TTf®FT: H^I^fl: I 

. ^4 ^TRR»: II 

cflf^ww fTST^fRI JRIR CISRI^ II 5 5 II 

ar^Tf : I 

im: 5T0r#ST: HJHlII^I SRI# R% I 
Tij^.W^W II V* II 

; 3 R 

h^jwt srfi h^^rt <ra i 

#HRflSIc?WI || \\ || 

t#flS M^i flR HR HFRIOTOTR | 

&%hh hrit rshrot h h ?r? n \t n 

Hfq) HHHJWT HHfRHR I'M fT55 I 

aifSHWRRi hshri rrIRt h r%hcr; n \* n 

o 

31*4 [qfejRlW’TI HFH W HRBI it I 

HI R'liRRcIRS'lRlfH^ 5K5HJ I 

grfR q>sqq HSRU°T H RRRH II II 

HflfySIl HIR RH^RRl •T’R’T H3 I 

#5?H'P55WI ^RPHRlVw «T H II 

qjfjgRMI%I HR I 

jpqq ^3 fafJTcqiq 1 RF^H sreWW H II tf «’- II 



u « t - 11 

’tfCTIB I%I%£?gri qTR2^#T>-T^l ? fTTR5fi: I 

^isnft ftfcfcrr rshriot F%g h li 

?1% ^FTSq^fR I 

NPW V . 

W- qH5^ r > HTcTJTfSi^if^cq^: | 3 ^ x^- 

*FRT— 

Cm i 

3Fnfa MRFI II V\\ II 
MrT^MR ^ fT^T M'T'TF^’T ^B^T^T 7 !^ ^ 

3?R— 

g^TJ®2^^ gu| (Tf5CBHFRI%l^^®®4 ^ I 
fC^JTFUT II »»^ || 

SRT^M: I 

IrC: WW^T fflEgM fR^^gf^«r: | 
qfMl rfltw^IR: ^cTtBM: fMF *FI®lcTf II V'V' II 
aTBfTTH^CFR^^IfH^R^T TPM I 
^B^IR^f ^FBM WT f^i'T II 8^ II 
W 7 M<?IMCCmtm'| MFFFMFm I 
qfe^g^IRWi $cTlFJ$I: Tpqq ^TRffsT II 8^ II 
STT^g^R 3RR: Bfitfa f=FT<TFT: I 
'T^lC: ^ ^M^FRlCpTfT^ II «<’- II 
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WW HH | 

qfeqgw qmi *g*fc?iql 11 a<^ n 
sqm: mqnmVq qemsqm m*fof #: i 
* qfeqs^r q?FT mrffrmm 11 ^ 11 

TO qte*r fammmqj: m q? q wq: 1 
sqmr g& qgfaf5qwgi%q;$r: 11 «i {\ 11 

fsqfcpmr qmrqf qmi f^Pmm iB^m^qiqqqm 
q qffamft cmFm^mqqm q mw~ 

g^qq^m: qmimw flqfcSqqfcWq: ! 
gqgmigmgq glim qmmmRTEg 11 11 

qq>fW: I 

grc*T H sqm: 'mm«j>lwgmq: 1 
3 rt <rmm qq mum-lmm: 11 \\\ 11 

m# Wrenta nq qfq f^refrnmrm q 

^ ^Pj[* — 

gmg& fegw g^gftgqmfmqqqmq 1 
tmfeqTOwir ftwwtew n «ia~ 11 

arm^T^: 1 

mwi-q gmmmmft rngm ft*; 1 

wmffwime:m: i% im: vy. 11 «iv 11 
mmfcq gmjmtqmq %?*<* qqi 1 
$qfesn qq: qm^qq: m: mmw Mfqqf: qq: || \{- 1! 



150 ’TfacffiTTflf?:. 

rf^RfTR*RH7 ^ $^— 

?Sf^TTqfcTt HRIW? •'■R'T I 
gSRWSim ?4 <5Sfa ft *RR cT^TR: II <\*\ II 
3T^T^: I 

°m- hw frs i 

3*RR qfefTRTl^ ^ft^TBfrqr II II 
TOwraraf ^i s'^g^sSgrovrgft: 1 

qR^rRTWR^ri TOR: fg- I 

HR it RWH =TR R? ^JcH || %o \\ 
?K$Rf2R^T& 3TWH5HT& HR ^sRHoHRR HR ^ 
JTl'otfT^RHHH— 

f^oif^^T *TIHRRHHT TSgFTcRRfflq: I 

«nronrar» r[^h v *rirhfrr: n ^ n 
srtftRTOf: i 

ffaHTTOTTO SHIHTSBT HRR: | 

HPPTR55 JR H# ^TfrHR: II ^ || 

» ?R RRS'RfK RFRm HHRR I 

*RSf%*FM*RR:. 

?ff: H* | ?r TRHNT— 

?RKH <T3Fc5fR T^UTfH H#T I 

If HI^Hffl HIR || ^ || 
m mifWRmgFT^ ^sri^j i 
SR flI?' r RT , fi' i rRf?5R¥If R^RfTTHI II i* II 





151 


*nwipft$3 qfNfVrs^rrcpj ii ^ ii 
vwm Rprfar jns^qj nfSpn i 
fTfRl^Tfnnur ifft^lT ^TR II {{ II 

?n^f^Fi^TfTfT fr^f 0 I 

qRorafli^RiRrcw: i%r&? rr«: ii n 

o w \ 

3T%T$: I 

TTf^-Mf RF^T ?«W fall*: I 
fflfow qPTWIlt T:\--13 Wtl"! II ^ II 
RRsqarsft ^hfrsqqfK: m\w II 

?m Himff WrRTNt RffCiwfa ^1 MR: ATS- 

«R?R: MR: II 



3H?Ri. 

STIF^R: *TTFfa>T: RRTRf srRrRRfTRffRFrRiq: 1 I , 

q: qii^iqTBrqq^pft rritr <t ftft'Wfnv'i n ? n 

anft qpsqi-yeR^iqq rr^tr: — 

TcS&frTR. I 

T^»4 #517T^Tf rS^RTRK'JIT^OT II ^ II 

q^?w«R«raf^Tit- 
wn &rkI q rrfr^ts i 
qftor 

RWfRTFnssr *F§R HRSI II \ II 
qf^SRFRftFFpTT l%R- 

«R*n$fo qr«?§q<fc$!wni i 

qf^ORKq FIRST: RfTI«lT- 
SsJrNi q[«ltffTT^^TI^n: II 8 II 

3 RPrcd^fR^f?^foqi'fRq fqgqgn 11 *\ n 

sf rat qq^isri i 

fqgq^ RF&r fqsnn&F rr rrtfrfi, ii <\~ n 
^Tfiqq>3 rr fcnrwitivM' fttr; i 
^RRJiqRt^Tqt^TqR^ fqq ft r3r ii ii 

RRRIR RRqSRr q ttfR^TRRiTfiRpfoi I 

*TRIT 3RTRT?1R RSJFftf qSRRPRffiftq: || vsj. || 

1 M readi 
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PP ?S(T PcT? % WftflBfTTS. 

'Wit fMI — 

SPT &FT fWW] <TCT p Tpftsi ^ ^(f | 

8mi| rfsp ftp flRflft #TrT If <r’- II 

3T?ftW: I 

35ft qMl ?PT ftJWIT p W P3 I 
aprcifcsaiW ^ frwfci p m 11 11 

jpftr srft fift 

aftTp fpqft pftM fpftl% *rft I 
3 # PRTSflSPfll SfPTCiarej 11 {<-\ II 
3 ltfpTP I 

ft^^aPimP^Tigmi ftp*? *Ffi I 
sfmTeW W ErfCTi: q: ^lf«RT*jt^: II \\\ II 
qggP^P 7 ?^ 1 ? — 

: 3RP I 

^nT=E?pT ^WTF?^ 'fofl SPTIII II 

aT^Tcp: | 

0 

qcft| 5 r|Hiw-nqi rapwsp 1 
ami fsiwni <wffipmw pips: p 11 \ \\ 11 
amforilp®?*? 1 

STPTppmpqT pph*? fpiftp 1 
m\$ qbfqr^sm Mi wre 11 \ 11 



STfgfasSRT RWI#RT fs?Ton I 
<T^HF RfRR: ^iM^TRr: FTR II ?0 II 

o \ 

I 

ST^TIWS^Ttlt^cJ^WIf^qT I 

?5^qTSTfT^t fcTRT: cR JR: JRR: I 

3 #F fcTftTT *nftWinfNr f^Tq. II Ml 

5BR1%RT 3RlRRf£R — 

fegffaft^Rpi r^rri i 

o o 

f?«^RRR| sJRT RRS^rRR Rift II K II 
3T#1^RT: I 

SI^TR^lT^i^RR^qt I 

^ o 

^TRt <Tf&FRT R 5F1 FvR II K II 

R^RT^TiJt 3?^q R^RTIOfR ’#TTTR5R— 
'pfaffaHRTR^SRfR RR | 

qsft %RR?: ff *T[RRRfR RBI II \° II 
R^¥fRR: fff^RRKJiR— 

^RTP^ff^frT^^RT^Wr RS: | 

O 

tpwdft 555VT ^fTf^f'III^R-^nr II W || 
a#fbj^: I 

f%I<T?R: R*4 f*lf%R*RRT srj 3TBl I 
g^REjJRI TSRI TR%JR| RRR f% ^TR || ^ || 


1 Noi found in any of the MSS. 
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^fl^to ^ ftoSWWTCrflto =5f fTl^i ftft- 

g^"^l#T3 to«T*l I 

' retoSFT*P<to tor wr ii ^ ii 

3TOTcf>: | 

Ftoto W* l: toT toftorere I 

V^JTOTf 35WFir fto'to T% ^FT M« II 

I 

falftftf: WV to PwifaTONT I 
ftol HW3FTT ftjtoto ^} II V\ || 

^toflrere: *r fi^i 

wrasi^r mwwm to 1 1 
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to toresFFvrer fkto to uni i 
toto $: reiftitoto to ii ii 

^ o * 

3 totoi 1 

'O h 

TO Plp3f« ?Pjto f? II II 
a?^T?r: I 

^TfWFUrsTf^l'-l 1 1 *} ST 3 ’WST^ I 

. tow to m n ^ 11 

* 
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z> 

3T^Tfr: I 


^Tfl^^rt vn ^RRrtpnftwi i 

o 

w frqtft q m ? ii 


U[qfg*rNjNl qTW^gi^Tfg^: I 
ftoq^rci^rngm arcrafc #qr n \\ n 


rFJ3 Siqjqf s^TPR | 

5TPT iRI 555q WR^qTqqRTq flffijl U II 


srtfaTO | 

fkqorr ^^Rwftjrr i 

trqfaftw 3T*qiqqft*r qrr qq 11 \v \\ 
*flrcraFnTO9Pi i 

q# T^rgftqqqqn® qr^rqrq n \\ n 
SlNra^^ *TT& Hlf»W^-7 3TRRT I 
Tf^HT sfcfrCTTMOT'qr HUH 
qfifr%s;qqeq 1 

qqs Rqqqqns qwqr frq<qsq 1 

qrqq^qprfaq q?irR qfwq^rq %a 11 11 

sqqgrsnqt ^TfRSRiq} q-^i 1 

q# qRF>S^JF7T II \<r\ II 


I TOT^r 18 the reading given in the MSS, for ^r^TFT i but it is ojetrioally 
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*Tf MWflWI ^Tf^R | 

<\ o 
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O -3 
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*t^3RIRtB Rfmrf^RR frpq i 

ssq iftireFPfaft n v<\ n 

ar^i^R?: l 

tfr^rqr isir&i tctr i 

*RR HfSFTR RR H3^: II «< II 
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JlrT I 

ipMfeicrt II S' 3 II 

^5Wf <Tl?wrt ? flmqRqpipT l^TWTf q frr^TT q$fi- 
^Rqi^q^q q, i$?rifa?<Rf ^ gsw 
q frwi qfqtqq'n^qq w^rro «^pn*wRq q 
S^L— 

^wm qq^efSTwri gqwwftnsqr m i 
f^rfarC wiftw SRrc^nTfffl wisr^ ftr ii ** n 
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«T1WTOT f^WTT 3F T^ I 

Ci ^raf^qiqqiqq <r *? n n 
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anr^iqj q-JRRT I 

*T<T f^Traffif^FT ^TTFFcfl <T?T II ^0 II 

. g^t ^ispti^tbI *rai *Vt i 

fWT: ^ q *R5fpqi qRqT^FfTFif: II M II 
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ENdLTSH TRANSLATION. 


CniAPTKIl I. 

ON TKRM IN 01,00 Y. 

Salutation and Benediction, 

1. Salutation to Ala hilv Ira, the Lord of thn Jinas, tho protector 
(of the faithful), whose four* infinite attributes, worth)- to bo 
esteemed in (all) t lie three' worlds, are unsurpassable (in excellence). 

2. 1 how to that, highly glorious Lord of the .linns, by whom, 
as forming’ the shining lamp of the knowledge of munhers, the 
whole of the universe has been made to shine. 

3. That blessed Amdgha varna (/.#*., one who showers down 
truly useful rain), who (river) wishes to do good to those whom 
he loves, and by whom the whole body of animals and vegetables, 
having been freed from (tho effects of) pests and drought, bus been 
made to feel delighted : 

4. lie, in whose mental operations, eoneeived as tiro, the enemies 
in the form of sins have all been turned into the condition ol ashes, 
'and who in consequence has become one wo use anger is not lutilo : 

5. He, who, having brought all the world under his control 
and being himself independent, has not been overcome by (any) 
opponents, and is therefore an absolute lord (like) a new God of Hove : 

H. lie, to whom the work (of service) is rendered by a eirelo 
of kings, who have been overpowers! by the progress of (his) 
heroism, and who, being Oukrikilbhafijana by name, is in reality 
a enkrikabhahjana (i.e., the destroyer of tho cycle of recurring 
re-births) : 

• These four attributes of Jina MahArlra are said to bo jhi« faith, understand* 
mg’, blissfulness and power. 
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7. He, who, being the receptacle of the (numerous) rivers of 
learning, is characterised by the adamantine bank of propriety 
and holds the gems (of Jainism) within, and (so) is appropriately 
famous as the great ocean of moral excellence : 

8. May (his rule) — the rule of that sovereign lord who has 
destroyed in philosophical controversy the position of single con- 
clusions and propounds the logic of the syadrada *— (may the rule) 
of that Nrpatunga prosper ! 

An Appreciation of the Scienoe of Calculation. 

9. In all those transactions which relate to worldly, Yedio or 
(other) similarly religious affairs, calculation is of use. 

10. In the science of love, in the science of wealth, in music 
and in the drama, in the art of cooking, and similarly in medicine 
and in things like the knowledge of ar ch itectu re : 

11. In prosody, in poetics and pootry, in logic and grammar 
and snob other things, and in relation to all that constitutes the 
peculiar value of (all) the (various) arts : the science of computation 
is held in high esteem. 

12. In relation to the movements of the sun and other heavenly 
bodies, in connection with eclipses and the conjunctions of planets, 
and in connection with the triprabm f and the conrso of the 
moon— indeed in all these (connections) it is utilised. 

13-14. The number, the diameter and the perimeter of 
islands, ocoans and mountains ; the extensive dimensions of the 
rows of habitations and halls belonging to the inhabitants of the 


* The ayddvdda. is a process of reasoning adopted by the Jainas in relation 
to the question of the reality or otherwise of the totality of the perceptible 
objeota found in the phenomenal universe. The word is translatable as the 
inay-he-argument ; and this muy -bo-argument declares that the phenomenal 
nnivorae (1) may be re>U, (2) may not be real, (3) may and may not be real, (4) 
may be indescribable, (6) may bo real and indescribable, (fi) may be unreal and 
indescribable, and (7) may be real and unreal and indescribable. The position 
represented by this argument is not, therefore, one of a single conclusion. 

t The trxpraini is the name of a chapter in Sanskrit astronomical works ; 
and the fact that it deals with three questions is responsible for that nama. 
The questions dealt with %t e Dik (dir option), D.'fo (position) and Kdla (time) as 
Appertaining ta the planets and other heavenly bodied. 
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(earthly) world, of the interspaoe (between the worlds), of the 
world of light, and of the world of the gods ; (us also the dimen- 
sions of those belonging) to the dwellers in hell : and (other) mis- 
cellaneous measurements of all sorts — all those aro made out by 
means of computation. 

15. The configuration of living beings therein, the length of 
their lives, their eight attributes and other similar thingSt their 
progress and other suoli things, their staying together and such 
other things — all those aro dependent upon computation (for their 
due measurement and comprehension). 

16. What is the good of saying much iu vain P Whatever 
there is in all the threo worlds, which are possessed of moving and 
non-moving beings— all that indeed cannot exist as apart from 
measurement. 

1<~19. With the help of the accomplished holy sagos, who 
are worthy to bo worshipped by the lords of the world, and of t heir 
disciples and disciples’ disciples, who constitute the well-known 
jointed scries of preceptors, 1 glean from the great ocean of the 
knowledge of numbers a little of its essence, in the manner in 
which gems arc (picked up) from the sea, gold is fiom the stony 
rook and the pearl from the oyster shell ; and give out, according 
to the power of my intelligence, the Samwhyraha, a small work on 
arithmetic, which is (however) not small in value. 

20-23. Accordingly, from this ocean of Sanwmyraha , which 
is filled with the water of terminology and has the (eight) arith- 
metical operations for its bank ; which (again) is lull of the bold 
rolling fish represented by the orations relating to fractions, and 
is oharacterisod by the groat orocodile represented by the chapter 
of miscellaneous examples ; which (again) is possessed of the waves 
represented by the chapter on the rule-of-three, and is variegated 
in splendour through the lustre of the gems represented by the 
exoellent language relating to the chapter on mixed problems ; and 
which (again) possesses the .pxtousive Iwttom represented by tho 
chapter on area-problems, and has the sands represented bj^the 
chapter on the cubic oonteuts of exoavatiotis ; and wherein (finally) 
shines forth tho advancing tide represented by the chapter on 
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shadows, whioh is related to the department of practioal calculation 
in astronomy — (from this ocean) arithmeticians possessing the 
necessary qualifications in abundance will, through the instru- 
mentality of calculation, obtain such pure gems as tliey desire. 

24. For the reason that it is not possible to know without 
(proper) terminology the import of anything, at the (very) com- 
mencement of this science the required terminology is mentioned. 

Terminology relating to (the measurement of) Space. 

25-27. That infinitely minute (quantity of) matter, which is 
not destroyed by water, by fire and by other such things, is 
oalled a paramdm, An endless number of them makes an ami, 
which is the first (measure) hore. The tremrem which is derived 
therofrom, the ratharem^ thence (derived), the hair-measure, tho 
louse-measure, the sesamum-measurc, which (last) is the same as 
tho mustard-measure, then tho barley -measure and (then) the anyuk 
are (all) — in tho ease of (all) those who aro horn in the worlds of 
enjoyment and the worlds of work, which are (all) differentiated as 
superior, middling and inferior eight-fold (as measured in relation 
to what immediately precedes each of them), in the order (in which 
they are mentioned). This uhgula is known as ryavahamxjula. 

28. Those, who aro acquainted with tho processes of measure- 
ment, say that five-hundred of this (rynvahdrdixjuh) constitutes 
(another ainjula known as) pramana. The finger measure of men 
now existing forms their own ahfjukt. 

29. They hold that in tho established usage of the world 
the anyuk is of three kinds, vyavahdra and pramana constituting 
two (of them), and (then thoro boing) one’s own aiujnla ; and six 
angular make tho foot-measure as measured across. 

80. Two (such) feet make a vtiasti ; and’twice that is a habta. 
Four hastas make a dim/ a. and two thousands of that make a 
krdtia. 

81. Those who are well versed in tho measurement of spaoe 
(or eurfaoe-aroa) say that four horns form a yojam . After this, I 
mention in duo order the terminology relating to (the measure- 
ment of) time. 
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Terminology relating to (the measurement of) Time. 

•32. The ume in which an atom (moving) goes bejoiui another 
atom (immediately next to it) is n»v nnaya\ innumerahio wmuyan 
make an avail. 

33. A measured number of < waits makes an ucchrimt; seven 
uechdamx make one stoka ; seven s tokos make one /orayaud with 
thirty-eight and a half of this the git at} is formed. 

34. T wo ghafts make oue muhurta ; thirty muhiaim y make one 
day; fifteen days make one paksa ; and two pak-sas are taken to 
be a month. 

35. Two months make one rtu ; three of these are understood 
to make one atjana ; two of these form one j o ir. Next, 1 give the 
grain-measme. 

Terminology relating to (the measurement of) Grain. 

3d. Know that lour s6<fa*ikas form here one kudaha ; four 
kutjahas one praatha ; and four prasihas one tut ha ha. 

37. Four fhlhakas make one tlroua, and four times one droya 
make one man ) ; four man} y make one khan ; live ktauis make one 
pravurtikii, 

3 ■'I Four limes that same (ptarar/ika) is a raha ; live provar- 
tikm make one kumtdta. After this the terminology relating lo 
the measurement of gold is described . 

• Terminology relating to (the measurement of) Gold. 

31). Four y and aka* make one yuhjd ; five fjnhjas make one paya^ 
and eight of this {puna) make one dharaya ; two < tharayn * make 
oue korya , and four karsas make one pa la. 

Terminology relating to (the measurement of) Silver. 

40. Two grains make one yunjii ; two yui/jds make one masa ; 
sixteon mama are said hero to make one dharaya. 

41. Two arid a half of that (dhai aya) make one karsa ; four 
purtiruj# (or karsas) make one 7 W 7 — so say persons well versed in 
calculation in respect of the mijmwreinent of silver according totbo 

J*_.l i ... 11.. * 
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Terminology relating to (the measurement of) 
Other Metals. 

42. What is known as a kald consists of four pddas ; six and 
a quarter kald8 make one yam ; four yavan make one ama ; four 
amtos make one bhdya. 

43. Six bhdya a make one draksuna ; twice that (drakjiuna) is 
one dinar a ; two dindras make one mtera . Tiius say the learned 
men in regard to the (measurement of other) metals. 

44. Twelve and a half palas make one prastha ; two hundred 
palm make one tula ; ten tulds make one bhara. Thus say those 
who are olever in calculation. 

45. In this (matter of measurement) twenty pairs of cloths, of 
jewels or of canes (are called] a kotikd. Next I give the names of 
the (principal) operations (in arithmetic). 

Names of the Operations in Arithmetic. 

46. The first among these (operations) is gmakdra (multiplica- 
tion), and it is also (called) pratyutpanna ; the second is what is 
known as bhdgahdra (division) ; and krti (squuring) is said to be 
the third. 

47. The fourth, as a matter of course, is varga-mula (square 
root), and the fifth is said to be ghaua (cubing) ; then ghanamula 
(cube root) is the sixth, and the seventh is known as citi (summa- 
tion). 

48. This is also spoken of as sanktdiia . Then the eighth is 
vyutkalita (the subtraction of a part of a series, taken from the 
beginning, from the whole series), and this is also spoken of as 
s&sfl. All these eight (operations) appertain to fractions also. 

General roles in regard to zero and positive and 
negative quantities. 

49. A number multiplied by zero is zero, and that (number) 
remaius unchanged when it is divided by,* oombined with (or) 


* It oan be easily seen here that a number when divided by sero does not 
really remain unchanged. Bhftekara calls the quotient of such xero-divisions 
hhuhnra and lightly assigns to it tb* value of infinity. MahivirAoArya obviously 
thinks that a division by scro is no division at all. 
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diminished by zero. Mnitiplioation and other operations in rela- 
tion to zero (give rise to; zero; and in the operation of addition, 
the zero becomes the same as what is added to it. 

50. In multiplying as well ns dividing two negative (or) 
two positive (quantities, one by the other), the result is a positivo 
(quantity). But it is a negative quantity in relation to two 
(quantities), one (c p which is) positive nod the other negative. 
In adding a positive and a negative (quantity, the result) is (their) 
difference. 

51. Tho action of two negative (quantities or) of two 
positive (quantities gives rise to) a nogativo or positivo (quantity) 
in order. A positive (quantity) which has to bo subtracted from 
a (given) number becomes negative, and a negative (quantity) 
which has to bo (so) subtracted becomes positive. 

52. Thesquaro of a positive as well as of a negative (quantity) 
is positive ; and the square roots of those (square quantities) are 
positive and negative in order. As in the nature of things a 
negative (quantity) is not a square (quantity Jr, it has therefore no 
square root,. 


53-62. [These atanean give curtain mime* of certain fliingM, which names 
,are frequently used to denote figure! and number* in arithmetical notation. They 
are not therefore translated here ; but the reader is referred to the appendix 
wherein an alphabetical list of such of these names as occur in this work is given 
with their ordinary and numerical meanings ] 

The names of Notational Plaoes. 

63. The first place is what is known as #ka (unit) ; the second 
plaoe is named darn, (ten) ; the third they call as kata (hundred), 
while the fourth is sahatra (thousand). 

64. The fifth is daka-sa/iasra (ten-thousand) and the tilth it 
no other than laksa (lakh). The seventh is daka-lak$a (ten-lakh) 
and the eighth is said to be \6ti (crore). 
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05. The ninth is dafa-koti (ten-croro) and the tenth is fata- 
koti (hundred-orore). The (place) characterised by eleven is at'buda 
and the twelfth (place) is nyarbnda. 

06. The thirteenth place is kharva and the fourteenth is maha- 
kharva. Similarly the fifteenth is padma and the sixteenth maha - 
padma. 

67. Again the seventeenth is kfam, the eighteenth mahd-kfam. 
The nineteenth place is faiikha and the twentieth is mafifi-fahkha. 

68. The twenty-first place is ksitxyd , the twonty-seeond maha - 
ktitya. Then the twenty-third is kfahha ami the twenty-fourth 
maha-kfabha. 

69. By means of tho (following) eight qualities, viz., quick 
method in working, forethought as to whether a desirable result 
may bo arrived at,, or as to whether an undesirable result will be 
produced, freedom from dullness, correct comprehension, power 
of retention, and tho devising of new means in working, along 
with getting at those numbers which make (unknown) quantities 
known— (by means of those qualities) an arithmetician is to ho 
known as such. 

70. Great sages have briefly statod the terminology thus. 
What has to ho further said (about it) in detail must be learnt 
from (a study of) the science (itself). 

Thus ends the chapter on Terminology in Sara- 
sangraha, which is a work on arithmetic by Maha- 
viracarya. 
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CHAPTER II. 

ARITHMETICAL OPERATIONS. 

The First Subject of Treatment. 

Hereafter we shall expound the first aubjeot of treatment, 
whioh is named Parikarmn . 

Multiplication. 

The rule of work in relation to the operation of multiplication, 
which is the first (among tho parikarman operations), is as follows:— 

1. After placing (tho multiplicand and the multiplier one 
below the other) in tho manner of the hinges of a door, the 
multiplicand should be multiplied by the multiplier, in accord- 
ance with (either of) tho two methods of normal (&r) reverse 
working, by adopting tho process of (i) dividing the multiplicand 
and multiplying the multiplier by a factor of the multiplicand, 
(ii) of dividing the multiplier and multiplying the multiplicand 


1. Symbolically exproaaod, this rub* norku out thus : — 

In multiplying ab by cd , the product i« (S) ^ x (a x cd) j or (ii) (ab x e) x 


~ j or (Ui) ab x cd. Obviouily the object of the first two device! here it to 
0 

facilitate working through tho choioo of suitable factors. 

The anulfrma or normal method of working ii the ope that is generally 
followed. The vilfan* or the reverse method of working is as followH 
To multiply 1998 by 27 : 


urn 


27 


2x1 = 

2 





2x9 = 

1 

8 




2x9 = 


1 

8 



2x8 = 



1 

6 


7x1 = 


7 

1 



7x9 = 


6 

3, 


7x9 = 



6t 3 


7x8 = 




6 

C 


6 9 9 4 6 
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by a factor of the multiplier, or (iii) of uiag them, (in the 
multiplication) as they are (in themselves). 

Examples in illustration thereof . 

2. Lotuses were given away (in offering) —eight of them to 
aaoh Jina temple. How many (were given away ) to 144 temples P 

а. Nine padmardga gems are seen to have been offered in 
worship in a single Jina temple. How many will they be (at 
that same rate) in relation to 288 temples ? 

4. One hundred and thirty-nine pueyardga gems have to be 
offered in worship in a single Jina temple. Say, how many gems 
(have to be so offered) in 109 temples. 

б. Twenty-seven lotuses have been given away in offering to 
a single Jina temple. Say, how many they are (which have been 
at that rate given away) to 1998 (temples). 

6. (At the rate of) 108 golden lotuses to each temple, how 
many wilHhey be in relation to 85697481 (temples)? 

7. If (the number represented by) the group (of figures) con- 
sisting of 1, 8, 6, 4, 9, 9, 7 and 2 (in order from the units’ place 
upwards) is written down and multiplied by 441, what is the value 
of the (resulting) quantity P 

8. In this (problem), write down (the number represented by) 
the group (of figures) consisting of 1, 4, 4, 1, 3 and 5 (in order 
from the units’ plaoe upwards), and multiply it by 81 ; and then 
tell me the (resulting) number. 

9. In this (problem), write down the number 157683 and 
multiply it by ‘9, and then tell me, friend, the value of the 
(resulting) quantity. 

10. In this (problem), 12345679 multiplied by 9 is to be written 
down ; this (product) has been deolared by the holy preceptor 
Mahftvira to constitute the neoklaoe of Narapftla. 


4. Here, 139 is mentioned in the original a* 40 + 100 1. 

(, Here, 1998 is mentioned in the original at 1098 + 900. 

10. Here m well aa in the following stanea *, oertain number* are etid to 
constitute different kind* of necklaces on account of the •ymmetrical arrange- 
pent of similar figure* whioh is readily noticeable in relation to them* 
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11. Six 3’s, five 6*8, and (one) 7, whioh is at the end, are pnt 
dowq (in the descending order down to the units* place) ; and this 
(number) multiplied by 33 has (also) been deolared to be a (kind 
of) neoklaoe. 

12. In this (problem), write down 3, 4, 1, 7, 8, 2, 4, and 1 (in 
order^from the units’ place upwards), and multiply (the resulting 
number) by 7 ; and then say that it is the neoklaoe of preoious 
gems. 

13. Writedown (the number) 142857143, and multiply it by 
7 ; and then say that it is ♦■he royal neoklaoe. 

14. ‘Similarly 37037<tot is multiplied by 8. Find out (the 
result) obtained by multiplying (this product) again to get such 
multiples (thereof) as' have one as the first and nine as the last 
(of the multipliers iu order). 

15. The (figures) 7, 0, 2, 2, 5 and l are put down (in order 
from the units’ place upwards) ; and then this (number) whioh is 
to be multiplied by 73, should (also) be oalled a nooklaoo (when so 
multiplied). 

18. Write down (the number represented by) the group (of 
figures) consisting of 4, 4, 1, 2, 6 and 2 (in order from the units’ 
place upwards) ; and when (this is) multiplied by 84, you, who 
know arithmetic, tell me what the (resulting) number is. 

.17. In this (problem) put down in order (from the units’ plaoe 
upwards) 1,1,0, 1, 1, 0, l and 1, whioh (figures so placed) give the 
Measure of a (particular) number ; and (thon) if this (number) is 
multiplied by 91, there results that necklace whioh is worthy of a 
prinoe. 


Thus ends multiplication, the first of the operations known as 
Parikarman. 


11. The mttltiplfoand he* is 333333660007. 

14. This problem reduces itself to this ; multiply 37037037 * 3 1/ 1, 2, 3, 

4,5,6, 7, 8, and 9 in order. 
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Division. 

The rule of work in relation to the operation of division, whioh 
is the second (among the parikarman operations), is as follows:— 

18. Put down the dividend and divide it, in accordance with 
the process of removing common factors, by the divisor, which is 
placed below that (dividend), and then give out the resulting 
(quotient). 

Or: 

19. The dividend should be divided in the reverse way (f.e., 
from left to right) by the divisor plaoed below, after performing 
in relation to (both of) them the operation of removing the 
oommon factors, if that be possible. 

'Examples in illustration thereof \ 

20. Dinaras (amounting to) 8192 have been divided between 
84 men. What is the share of one man ? 

21. Tell me the share of one person when 2701 pieces of gold 
are divided among 37 persons. 

22. Dinaras (amounting to) 10349 have been divided between 
79 persons. What is it that iB obtained by one (person) ? 

23. Gold pieces (amounting to) 14141 are given to 79 temples. 
What is the money (given) to each (temple) ? 

24. Jamba fruits (amounting to) 31317 have been divided 
between 39 persons. Tell me the share of oaoh. 

25. Jamba fruits (amounting to) 31313 have been divided 
between 181 persons. Give out the share of each. 

26. Gems amounting to 36261 (in number) are given to 
9 persona (equally). What does one man obtain here ? 

27. 0 friend, gold pieces (to the value of the number wherein 
the figures in order from the units’ place upwards are) such as 


20. Hare, 8192 is mentioned in the original as 8000 + 92 + 100. 

22. In tfc# original, 10349 is given as 10000 + 300 + 7 1 . 

23. Here, ttl 41 is given as 10000 + (40 f 4000 + 1 + 100). 

24. Here, ^1317 is given as 17 ♦ 300 + 31000. 

25. Here, 31313 is give**s 13 + 300 + 310QO. 

26. Here, 36261 is giveal* 80000 + 1 + (60 4 200 + 6000). 

27. Here, the given dividend is obviously 12345654321. 
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begin with 1 and end with 6 , and then become gradually dimi- 
nished, are divided between 441 persons. What is the share of 
eaohP 

28. Gems (amounting to) 28483 (in number) are given (in 
offering) to 13 Jina temples. Give out the share of each (temple). 

llius ends division, the seoond of the operations known as 
Parikarman. 


Squaring. 

/Hie rule of wurk in relation to the operation of squaring, 
which is the third (among tho parikarman operations), is as 
follows : — 

29. The multiplication of two equal quantities: or tho multi- 
plication of the two quantities obtained (from tho given quantity) 
by tho subtraction (therefrom), and the addition (thereunto), of any 
chosen quantity, togethor with tho addition of tfie square of that 
chosen quantity (to that product) : or the sum of n scries in arith- 
metical progression, of which 1 is tho first term, 2 is tho common 
difference, and the numl)or of terms wherein is that (of which tho 
square is) required : givos rise to the (required) square. 

30. Tho square of numbers consisting of two or more place# 
is (equal to) the sum of the squaros of all the numbors (in all the 
places) combined with twico the product of tfioso (numbers) taken 
(two at a time) in order 


28. Here, 28483 is given w 83 + 400 4 (4000 x 7). 

2$. Tho role given hereiu, expressed algebraically, oomo» out thus j 

(i) a x a — a 1 ; (ii) (a 4 *) (a-x) 4 ** = a*; (iii) 1 + 3 + 6 4 7 4 . . , op 

to a terra* » a*. 

80. The word translated by plact here is WT*T * it ubriou*ly mean* a place 
in notation. Here, as a commentary interprets it, it may also denote tho com* 
ponent parts of a ram, as eaoh such part bus a place in the sum. According to 
both these interpretation* the rule wofkrout correctly. 

For instance, (1284)* = (1O XH+2Q 0* 4 30*4 4*) 4 2 x 1000 x 2UU+ 2 x 1000 x 30 
+ 2 x 1000 x 4 + 2 x 200 x 3042 *200x44 2 x 30 x X. 

Similarly (14*2 48 4 4)* **(1* + 2* +8* + 4*) + 2(1 x 2 + 1 x 34 1 x 4 + 2 x 34 2 x 4 
48 si). 
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31. Get the square of the last figure (in the number, the order 

of counting the figures being from the right to the left,) and then 
multiply this last (figure), after it is doubled and pushed on (to 
the right by one notational place), by (the figures found in) the 
remaining places. Each of tho remaining figures (in the number) 
is to be pushed on (by one place) and then dealt with similarly. 
This is the method of squaring. * 

Examples in illustration thereof . 

32. Give out the squares of (the numbers from) 1 to 9, of 15, 
16, 25, 36 and 75. 

33. What will 338, 4061 and 250 become when squared ? 

34. 0 arithmetician, give out, if you know, tho squares of 
65530, 12345 and 3333. 

35. (Each of the numbers) 0387, and then 7135, and (then) 
1022 is squared. O clever arithmetician, tell me, after multiply- 
ing well, the value of those three (squares). 

Thus ends squaring, tho third of the operations known as 
Pa / ikarmaiu 


31. Tho pushing On to the right mentioned herein will become clear from the 
following worked out examples : — 




33. Here, 4601 is given as 4000 + 01 + 600. 
35. Here, 7135 is given oa 135 + (lOOOx 7). 
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Square Root. 

The rule of work in relation to the oporation of (extracting) 
the square root, which is the fourth (of the parikarman operations) 
is as follows 

36. From the (number represented hv the figures up to the) 
last odd place (of notation counted from tho right), snbtraot the 
(highest possible) square number ; then multiply the root (of this 
number) by two, and divide with this (product the number 
ropresonted by taking into position the figure belonging to) tho 
(next) even place ; and then the square of the quotient (so 
obtained) is to bo subtracted from the (number represented by 
taking into position the figure belonging to tho next) odd place. 
(If it is so continued till tho end), the half of the (last) doubled 
quantity (comes to he) the resulting square root. 

Examples in illustration thereof. 

37. 0 friend, tell mo quickly the roots of tho squares of the 
numbers from 1 to 9, anti of 250 and 57(1. 

38. Find out the square root of 6561 and of 65630. 

39. What are the square roots of 421) 106721)6 and 622521 Y 

40. What an* the square roots of 63664441 and 1771561 P 

41. Toll me, friend, after considering well, tho square roots of 
1296 and 625. 


86 . To illustrate the rul«», the following example i» worked out Mow » - 
To extract the aquaro root of 65536 
6 | 55 ! 36 
2- - \ 


2 x 2-4)*0(5 
20 


65 

6 s - 26 

25 x 2 - 60)803(6 
800 

86 

6 * - 86 

266 x 2 - 512) 0 (0 
0 

612 

Sqaare root required — ^ ■* 266. 
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42. Tell me, 0 leading arithmetician, the square roots of 
110889, 12321, and 844561. 


Thus ends square root, the fourth of the operations known 
as Partkarman. 


Cubing. 

The rule of work in relation to the operation of cubing, which 
is the fifth (of the partkarman operations), is as follows : — 

43. The product of (any) three equal quantities : or the pro- 
duct obtained by the multiplication of any (given) quantity by 
that (given quantity) as diminished by a chosen quantity and 
(then again) by that (given quantity) as increased by the (same) 
chosen quantity, when combined with the square of the chosen 
quantity as multiplied by the loast (of the above three quantities) 
and (combined) also with the cube of the chosen quantity : gives 
rise to a cubic quantity. 

44. Or, the summing up of a scries in arithmetical progression, 
of which the first term is the quantity (the cube whereof is) 
required, tho common difference is twice this quantity, and the 
number of terms is (equal to) this (same given) quantity, (gives 
rise to the cube of the giveu quantity). Or, the square of the 
quantity (tho cube whoreof is required), when combined with 
tho product (obtained by the multiplication) of this giveu quantity 
diminished by one by the sum of a series in arithmetical progres- 
sion in whioh the first term is one, the common difference is two and 
the number of terms is (equal to) tho given quantity, (gives rise 
to the oube of tho given quantity). 


43. Symbolically expressed, thin rale work« ont thus : 

(i) a x a* a = a* : (ii) a (a + b) (a-b) + b* (a-b) + b* ~ a*. 

44. Algebraically, this rule means— 

(i) a* = a + 3a + 5a + 7a + to a terms. 

(ii) (a- ]) (1 + 3 + 5 + 7 + to a terms). 



CHAPTER II— ARITHMETICAL OPERATIONS. 


17 


4 5. In ftu arithmetically progressive series, wherein nue\» tho 
first term as well as tho common difi’orouee, and tho number of 
terms is (equal to) tho given number, multiply tho preceding 
terms by the immediately following ones. Tho sum of tho pro* 
duets (so obtained), when multiplied by three and combined with 
the last term (in tho above series in arithmetical progression), 
becomes the cubo (of tho given quantity). 

46. (In a given quantity , the squares of (tho number repre- 
sented by tho figures in) tho last place as Also (by those in) the other 
(remaining places) are taken; and each of these (squares) is 
multiplied by the number of the other place and also by three ; the 
sum of tho two (quantities resulting thus), whim combined again 
with the cubes of tho numbers corresponding to all tho (optional) 
plaoes, (gives riso to) tho cube (of tho given quantity). 

47. Or, the cubo of the last figure (in the number counted from 
right to left is to be obtained) ; and thrice the square (of that last 
figure) is to be pushed on (to the right by oho notuthmal place) 
and multiplied by (the number represented by the figures 
found in) the remaining (places); then the squarrooMhis (number 
represented by the figures found in the) remaining (places) into bo 
pushed on (as above*) and multiplied by thrieo the last figure 
(above-mentioned). Those (three quantities) are then to ho 
placod in position (and then summed up). Such is the rule (to be 
carried out) here. 


Examples in illwilt ation I hereof. 

4ft. Give out tho cubes of the numbers from 1 to i) ami of if), 
25, 3d, 77 and fl(>. 

49. Give out the cubes of 101, 172, 5K>, 71 » and 1444. 


«. 3 | 1 x 2 + 2 x 3 + 3 * 4 4 4 x ft + . • . + a - 1 ~ a\ 

it}. :ia*h + Sab'- + a* + b* -- (a + i)'* u ^uke t,M ’ ruJ,r K‘' n vn*l imil npjilicsblv 
toniimlier* having morn than two plaren, it in Hourly implied In m iha( .}«'■( b + c i 
+ :Ja(ii + e) i + fl 5 + (Uc) 1 = (tttUc)\ ami it in obvious that 'my number imty 
hi? n*|mwnte«l iik the sum of two other suitably chosen number*. 

47- 'Urn pnshing on of a ligare horn referred to b similar <o w hat, is sxhibiUil 
in the note under stanza 31 in this chapter. 
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50. The number 218 is cubed; and twice, thrice, four times 
and five times that (number are) also (cubed ; find out the corre- 
sponding quantities). 

51. It is seen that 1(38 multiplied by all the numbers from 
1 to 8 is related (a9 base) to the required cubes. Give out those 
cubes quickly. 

52. 0 you, who have soon the other shore of tho deep and 
excellent ocean of the practice of (arithmetical) operations, write 
down the figures 4, 0, G, 0,5, and 9 in order (from right to left), 
and work out tho cube of the number (represented by those 
figures), and mention the result at once. 


Thus ends cubing, the fifth of the operations known as 
Pankartmn, 


Cube Root. 

The rule of work in relation to the operation of extract- 
ing tho cube root, which is the sixth (among the parikanmn 
operations), is as follows : — 

53. From (the number represented by the figures up to) the 
last ghana place, subtract the (highest possible) cube ; tbon divide 
the (number represented by the next) bhajija, place (after it is 
taken into position) by throe times the square of the root (of that 
cube) : then subtract from the (number represented by the next) 
oiihi/a place (after it is taken into position) tho square of tho 
(above) quotient as multiplied by three and by the already men- 
tioned \root of tho highest j: ossible cube) ; and then (subtract) from 


o3 and 54. The figures in any given number, the cube-root, whereof is required, 
are couoeived in those rule* to be divided into group*, each of which consist* as 
fur as possible of three figures, named, in tho order from right to left, as ghana 
or that w hich is cubic, that is, from which the cnt>e is to be subtracted, as iodhya 
or that, w hich is to be subtracted from, and a* bhdjya or that which is to be 
divided. The bhtijya and ifidhya are also known as aghana or non-oubio. Tho 
last group on the left need not always consist of all these three figures ; it may 
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the (number represented by the figuro iu the next) tjhnm placo 
(after it is taken into position) the cube (of this same quotient). 

54. One (figuro iu the various groups of throe figures) iseubio : 
two are non-eubie. Divide (the non- cubic figure) by three times 
the square of the cube root. From the (next) nou-enbie (figure) 
subtract tho square of the quotient (obtained as above and) multi- 
plied bv three times tho previously mentioned (cube- root of tho 
highest cube that can Ik* subtracted from the previous eubie 
figure) and ^then subtraet) the < ube el the qibeve y quotient i from 
the next »*ubic figure as taken into position AN »th tin* help of 
the onbe-r it-ligures (so outained (and taken into |tosition, the 
jiroeedure is) os before. 

Jucturf'lv* til tUuiih alum ihvt'vuf, 

50. What i> the rube root of the number* beginning 'Mth l 
and ending with ft, all euhed; and el d.Md; and of iNHjStu 

5t>. Kxtrael the rube root of .1 d^Vi I . d09Vit >0 * m ami (>1 8 ! / UJttH. 


.-ttnnist of <>n. u *u or Ihrir li-om-.-. s.k (hr .-i.no nuy »«’• H"' ".I.- in-nt ion.-.l 

uill I m * cloar frotn the foil nviio/ uorkH out 

To o\UH.M tin* p.ihr root of 77*U »H7 7* » : 

*. 1,1,. * . /., I i>. . 

7 7 I a o k 7 7 <• 

gh. . . I "* * 

bh ... f- X :s - 

i»e, 

a To 

2- x :i x 1 is 

:t22H 


bt *2 X a - - fi 2 ‘.> 2 ):t 22 O 70 > 

:jl 7 r >2 

t.'r>7 « 

„ U > y 12 1630 

•ill 5 


(’uhc Vool l / i'i 

'l l,,, ruitt iKit »h»l ligut,-. ■ "HfiiuiX' <»«• r ' "' 1,1,1 *' 

,|*l tho lul.c root lh ,1.0 nouiU-r u|> of .bo Hgoro. whir l. «ro oof*-.. >« 
o|.erntioi,, writl.n down iu ll,o ordur from “lo.v.- from i<*( < <" rfirl.' 
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57. Give the cube roots of 270087225344 and 76332940488. 

58. Give the cube roots of 77308776 and also of 260917119. 

59. Give the cube roots of 2427715584 and of 1626379776. 

60. 0 arithmotician, who are clever in calculation, give out 
after examination the root of 859011369945948864, which is a 
cubic quantity. 


Thus ends cube root, the sixth of the operations known as 
Parikarman. 


Summation. 

The rule of work in relation to the operation of summation of 
series, which is the seventh (among tho parikarman operations), 
is as follows : — 

61. The number of terms in tho series is (first) diminished by 
one and (is then) halvod and multiplied by the common difference; 
this when combined with tho first term in the series and (then) 
multiplied by the number of terms (therein) becomes the sum of 
all (tire terms in tho series in arithmetical progression). 


Tho rule for obtaining the sum of tho series in another 
manner : — 

62. The numbor of terms (in tho series) as diminished by one 
and (then) multiplied by the common difforenco is combined with 
twice the first term in the sorics ; and when this (combined sum) is 
multiplied by the number of terms (in the series) and is (then) 
divided by iwo, it becomes the sum of tho series in all cases. 


01. This rule cornea out thus when expressed algebraically '• — 

/n— 1 \ 

\^2 ^ + a = S, where nis the first term, h the common difference) n 

the numlK'i- of lorma, find S tho turn of the whole series. 

^ (n - 1 ) l> + 2a | n 

02, Similarly, .> ~ — - S. 



CHAPTER II — ARITHMETICAL OPERATIONS. 


‘21 


The rule for finding out the tidirihana, tbo uf farad liana ami 
the sarvad liana : — 

63. The ddidhana is tho first term multiplied bv the number 
of terms (in the series). The ut farad liana is (the prod net of) the 
number of terms multiplied by tho common difference (and again) 
multiplied by the half of the number of terms less by one. Tho 
sum of these two (gives) the .sarvadhana, /> , tho sum of nil the 
terms in the series; and (this sum will he the same as that of n 
series which is) characterised by a negative common difference, 
when (tho order of tho terms in the series is reversed so that) tho 
last term is made to be the first term. 

The rule for finding the anfi/ad/{aua } the madhi/iul/iana and 
the xarcadhaaa : — 

61. The number of terms in the series I lessened by one 
and multiplied by the common difference and (Hum) combined 
with the first term (gives » the anhjadhana. Half of the sum of 

In Hicm* ruli**, of tin* lerm* in ;m m it hunt bally pi og rcRsivo 

unic'8 is supposed to In- obtained b\ adding to tin* ln-t term thereof a mull iple of 
tlio common difference, tin* nature of thi* multiple i m • i n c determined by llto 
position wliicli unv specified term hold* in tin* series. According to thin 
conception we hitvi! to Hurt in even, t< iin cl the series tin- lirsl tnm along with u 
multiple of the common difference. Tin huui of nil stub fii m terms no found in 
what i« here culled tho ddtdhuna ; llio sum of mH such mult ipl«** of I lie common 
difference coimtituU k the ntt<i> odlunm , ami iIki saread/i ami which in obtained h y 
udding these two sum* is of comae the sum of the whole h rios. The expression 
^ 'ivtyudhana denotes the valueof the last, term in an aril huiotieally progress! vo 
series. And madhyadlmna mean* the value of the middle term which value, 
however, corresponds to the arithmetical mean of tho first und the hint terms in 
tho series, r * that when there are .2* + I terms in t lm Mire**, the rnlue of the 
(w + l)lh term is the wadhi/adhana, hut when there are in terruH in the series 
the arithmetical mean of tho value of tho .Mi term and of that of the (n + 1 ) t h 
term hecomes tho madhyadhana. Accordingly we have 
(1' Adidhana ti * a, 

n - 1 

( 2 ) httarnd ionn t/ v u r ' , 

(ij) Anhjiidit'tna (w — l) * h + 

j fa — 1 ) b + o | 4- a 
(4) Modl<u<idii'tnfi »< ^ 

ft'tfr radUrm (1) -f (i) ( «"«}+( ' ' - " * f ’/\ 

( (" -!)'< + «( + 
or - (t; < ' .. J - 
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this (aniyadkma) and the first term (gives) tho madhyadhma. 
The product of this {mdhyatihana) and the number of terms (in 
the series gives) the dosired sum of all the terms therein. 

Example* in illmiration thereof. 

(Jo. (Each of) ten merchants gives away money (in ai^anth- 
metically progressive series) as a religious offering, the first terms 
of the (ten) series being from 1 to 10, the common difference (in 
each of these series) being of the same value (as the first terms 
thereof), and the number of terms being 10 (in evorv one of the 
sories). Calculate the sums of those (series). 

(iO. A certain excellent * rdmla gave gems in offering to 5 
temples (one after another) commencing ( the ottering) with 2 
(gems), and then increasing (it successively ) hy 8 (gems). 0 you 
who kuow how to calculate, mention what their (total) number is. 

67. The first term is •> ; the common difference is 8 ; and the 
number of terms is 1~. All these three (quantities) are (gradu- 
ally) increased hy 1, until (there are) 7 (series). 0 arithmetician, 
givo out the sums of all (those series). 

08. 0 you who possess enough strength of amis to cross the 
ocean of arithmetic, give out tho total value of the offerings made 
in relation to 1000 cities, commencing (the offering) with 4 and 
iucroasing it successively hy 8. 

The rule for finding out the number of terms (in a series in 
arithmetical progression) : — 

60. When, to the square root of the quantity obtained by the 
addition of the square of the difference between twice the first 


It ig quite obvious that an mitUmutioally progressive series having a negative 
common difference becomes changed into one with a positive common difference 
when the order of the terms is reversed throughout so an to make tho last of 
them become the first. 

CO. A irdvaha is a lay follower of the Jainu religion, who merely hears, i.t\, 
listens to and loaves the d/uirmax or duties, as opposed to the ascetics who an 1 
entitled to tench those religions dutios. 

OR. Algobrnicnlly this rule works out thus; 

+ b 
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term amt the common difference to 8 times the common differ- 
ence multiplied by the sum of the series, the common difference 
is added, and the resulting quantity 1 is halved ; and when (again) 
this is diminished by the first term and then divided by the 
common difference, we get the number of terms in the .series. 


Th# rule for finding out the number of terms (stated) in 
another manner : — 

7U. When, from the square root of (the quantity obtained by) 

the addition rf the square of the difference between twioy tin* 

first term and the common difference to < s ’’’ ,, 

oeeomos the oomi*'»n 

difference multiplied by the sum ot the* , |(II|VJ the eommou 

subtrarid, and (the ramlliii? i i* !t j, 

this is) divided by the common differ.- . „ ll() ov | 1( . tl u({ttill 

of terms in the series. ,em i*j£ /«,* 


Nxmnpln in il 


»cm ( wo g,.t) the number 

•*er of 


71. The first term is 2, ^ (miration thereof. 

aro increased successively - the common difference 8; these two 

The sums of the throe serh ov ] |j|j |), r00 (series are so made up). 

is the number of torn’-** tor ^ ^ ^ } } ^ ^ Whftt 

7*2 The firs’* ot term*. . 

I i tie in* <l8 m eac |j HOrl(l g f 

ot tho seriep* f st*jtwo^^|^ ^ j| ie ooimnoft difference 8, and the sum 

The fed by What is the number of terms 8 

8, and tis to ^ erm ( 0 f another series) is fi, the common difference 

... Jie sum 120. Wlmt is the number of terms 'r 

> . 8i. ri 

divid cdhe rule for finding out the common difference na well as the 
(pro<jt term : 

nujy 73. The sum (of the series) diminished by the mUtl}umu y and 
(then) divided by half (the quantity represented by - tho squmo 


70 . *» half of tlm 'liffen*nw n iwi<T (Ik; lirsi it-rm and tin; 

common difference, i.c., 2d * t> - It in o».vif>u» that Huh stamm vurieH tho role 
mentioned in the previous stanza «»nly to tin* extent neee^.fntrd by tho intro- 
duction of thin papa da therein. 

73. For ddidhann and utturadhano, »ce note under itan/iift nnd 04 in • 
chapter. Symbolically expreMed thi» Maiiw work* out thu> - 
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of the number of terms as lessened by the number of terms, (gives) 
the common difference. The sum (of the series) diminished by 
ullamdhana and (then) divided by the number of terms, (gives) 
the first term of the series. 


The rule for finding out the first term as well as the common 
difference : — 

74. The sum of the series divided by the number of terms 
(therein), when diminished by the product of the common difference 
ty,. ,j * -K,wi >,v the half of the number of terms less by one, gives 
. ^ le sum > tbviu aeries. Tho common difference is (obtained, 
. W °d ^ first (ernt by the number of terms and then dimi- 
° rms ^ C8w ^ one ’ ' is divide by the half of tho number of 


— umsior finding out, k 

enoo and the first term nother way, tho common diffe 

n or tho series, niultinlimf i Wference is (obtained, who 
"~l.ro, 7 , *. ond divided W , 

“ **> MM h , *> M. tho first tori 

(lb.) tS.iibdV l) ' °» ' o> number 
oswwd by „* and mult; ,j 1' ho """rbar of ^ term 

imU feiro.) IbL tai l' lh “~ mm '" ' "• * l 

“ ” difference, 

/ *. Alg,i}„. a i ( . }| ]j Vt a _ S „ _ j $ 

n ' 2 b > »nj b « * ~ ° 


2S 


75 ' Symbolically ^ « 


' 2 a 
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7S. Algebraically, a ^ « ** - l) 6 

2 " 
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The oommon difference (in respect of another series) is 5, the 
number of terms is 8, and the sum is 1 5C. Tell me the first term. 

The rule for finding out how (when the sum is given) the 
first term, the oommon difference, and the number of terms may, 
as desired, be arrived at : — 

78. IrVhen the sum is divided by any chosen number, the 
divisor becomes tho number of terms (in the series) ; when the 
quotient here is diminished by any number chosen (again), this 
subtracted number becomes the first teim (in the series); and 
the remainder (got after this subtraction) when divided by the 
half of the number of lei ms lessened by one beoomes the oommon 
difference. 

Example hi iUmt ration thereof. 

79. The sum given in this problem is “HO. 0 crest-jewel of 
arithmeticians, tell me the number of terms, the common differ- 
ence, and the first term. 

Three rule-giving stanzas for splitting up (into ther component 
elements i such a sum of a series (in arithmetical progression) as is 
combined with the first term, or with the common difference, or 
with the number ot terms, or with all these. 

80 0 crest- jewel of calculators, understand that the mmadhana 
diminished by tho uttaradhnna, and (then) divided by the number 
of terms to which owe has been added, gives rise to t ho first 

. 81. The mhradhano, diminished by tho (bin/ luinu, and (then) 
divided by the (quantity obtained by the) addition of one to the 
^product of the) number «»f terms multiplied b\ the half ol tho 
number of t**rms lessened by <>w, (gives nso to; tho common 


78. Symbolically, tin- problem herein i> in find “in when N in given, and a 
and » are allowed to be chosen at option. Naturally, there may be in iclation to 
any ffiven value of S .. any values of b. which depend nj on tho chow-n value* <•( a 
and »i. When the value* of « and u are d.dinitelv ehoseii. the rule herein given 
for finding out b turn* out to U the name a* that given in nluntn 74 abov*-. 

80-82. The expression mumdbai.a means a mixed sum. It is used here to 
denote the quantity which may be obtained by adding the lira l teem or the 
common difference or tho number of terms or nil three of theae to the aum of a 

4 
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difference. (In splitting up the number of terms from the mitora- 
dhana), the (required) number of terms (is obtained) in accordance 
with the rule for obtaining the number of terms, provided that 
the first term is taken to be increased by one (so as to cause a 
corresponding increase in all the terms). 

82. The mi&radhana is diminished by the first term { and the 
number of terms, both (of those) being optionally chosen ; (then) 
that quantity, which is obtained (from this difference) by applying 
the rule for (splitting up) the utto> a-nmradhana, happens to 
be the common difference (required here). This is the method of 
work in (splitting up) tho all-combined (wprad ham). 

Example* in illustration thereof. 

83. Forty exceeded by 2, 3, 5 and 10, represents (in order) 
the ddi-mimitthana and the other (wwadhana*). Tell me what 
(respectively) happens in these cases to ho the first term, the 
common difference, tho number ol terms and all (these three). 


Berios in arithmetical progression. There are accordingly four different kinds of 
miiradhnva mentioned hero; and they are respectively ddi-miirudhuna, uttura- 
miiradhana, gaccha-msradhana and aarva- miiradhana. For adidhana and nttara- 
dhana see nolo under stanzas 63 and fit in this chapter. 

o n (n ~ . 

£>a - 2 

Algobraioully, stanza 80 works out thus : a = : , where 

it + 1 

is the adi-misradhana , i.c., S + a. 


And stanza 81 gives b — 


® 6 _r_ 7,a 
« (» -!) 


where Sb is the uttaia-rniiradha^a, 

+ 1 


i.e., S + b : and further points out. that the value of » may be foun 
out, when tho value of S», which, being the gaecha-misradhanu, i| 
equal to X + n, is given, from the fact that, when S**a + (a + b) +| 
(a + 26) + . . . up to n terms, «S» ~(a + 1) + (a + 1 + b) (a+1 + 26) \ 

+ up to the same n terms. f' 

Since, in stanza 82, the choice of u'and n nro loft to our option, the 
problem of finding out a, n, and 6 from the given value of Saitb, 
which, being the narva- miiradhana, is equal to S + a + n + 6, resolves 
itsolf easily to the finding out of 6 from any giveu value of Sb in tho 
manner above explained. 


BS.^The problem expressed in plainer terms is (1) Find out a when 8a = 42, 
6 = 3 and n 5. (2) Find out 6, when 8b — 43, a = 2 and n == 6. (3) Find out. 
it when S + n = 45, a = 2 and 6 3. And (4) find out a, b, and n whet 
S 4 « 4 b + n a 50, # 
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The rule for finding out, from the known snm, first term, and 
oommon difference (of a given nmes in arithmetical progression), 
the first term and the common tuMreuce (of another series), the 
optionally chosen sum (whereof) isrwiee, three #nes, half, one- 
third, or some such (multiple or fraction of the known sum of the 
given scries):— 

84. * Put down in two places (for facility of working) the 
chosen sum as divided by the known {/.<?., the given) sum; this 
(quotient) when multiplied by the (known) common difference, 
gives the (required) common difference ; and that (same) quotient 
\yhen multiplied by the (known) first term gives the (required) 
first term of (the series of which) the sum is either a multiple or 
a fraction (of the kuown sum of the given series). 

Example* in illustration the, 'nil'. 

85. Sixty is the (known) first term, and ihe (known) common 
difference is twice that, and the number of terms is the same, 

4 (in the given series us we, 11 as in nil the required series). Give 
out the first terms and the common differences ol these required 
(series, the sums whereof are) represented by that (known sum) 
as multiplied or divided by the (numbers) beginning with 2. 

The rule for finding out, in relation to two (series), the number 
of terms wherein are optionally chosen, their mutually inter- 
changed first term and common difference, as also their sums which 
* njay be equal, or (one of which may bo) twice, thrice, half, or one- 
third, or any such (multiple or fraction of the other) : — 

86. The number of terms (in one serios), multiplied by itself 
as lessened by one, and then multiplied hy the chosen (ratio 
betweep the sums of the two sories), and then diminished hy 

S $1 

R4. Symbolically, <*! = ~ a, ^ - b, where ' i, "i «uwl b, are Mi* rnn, thr 

flr»t term and the common difference, in order, of i h.* scrips wliow huh. in dunum. 
Given the l 'of two eerie*, the ratio between the two first terms and that 

between the , ^ornrnon differences need not iilway* In- t to* solution tie re 

given ii hence h* nlicabio only to certain particular ea»ci». 

86. A)gebrai(j< ly, «==*(»- 1) * P “ an<1 h = - n - 2 pn, 

where a, b and n'are the first term, the common difference and the number vf 
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twice the number of terms in the other series (gives rise to tho 
interchangeable) first term of one (of the series). The square of 
the (number of terms in the) other (series), diminished by that 
(number of terms) itself, and (then) diminished (again) by the 
product of two (times the) chosen (ratio) and the number of terms 
(in the first series gives rise to the interchangeable) common 
difference (of that series). c 

Examples in illustration thereof. 

87. In relation to two men, (whose wealth is measured 
respectively by the sums of two series in arithmetical progression) 
having 5 and 8 tor the number of terms, the first term and the 
common difference of both those series being interchangeable 
(in relation to each other) ; the sums (of the series) being equal 
or the sum (of one of them) being twice, thrice, or any such 
(multiple of that of the other)— 0 arithmetician give out (the 
value of these) sums and the interchangeable first term and 
common difference after calculating (them all) well. 

88. In relation to two series (in arithmetical progression), 
having 12 and 16 for their number of terms, the first term and 
the common difference are interchangeable. The sums (of the 
series) are equal, or the sum (of one of them) is twice or any such 
multiple, or half or any such fraction (of that of the other). 
You, who are versed in the science of calculation, give out (the 
value of these sums and the interchangeable first term and common 
difference). 

The rule for finding out the first terms in relation to suoh 
(series in arithmetical progression) as are characterised by varying 
oommon differences, equal numbers of terms and equal sums : — 

89. Of that (series) whioh has the largest oommon difference, 
otw is (taken to be) the first term. The difference between this 

terms in the first Beries, nj the number of terms in the second series, and p the 
ratio between the two sums : a and b being thus found out, the first term and the 
oommon difference of the seoond series are i and a respectively in value. 

89. The solution herein given is only a particular case of the general rule 
a, am *(b| — b) + o, where o and a x are the first terms of two series, and 
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largest common difference and (any other) remaining common 
difference is multiplied by the half of the number of terms 
lessened by one ; and when this (product) is combined with one, 
(we get,) 0 friend, the first terms of (the various series having) 
the remaining (smaller) common differences, 

• Examples in illustration thereof. 

90. Give out quiokly, 0 friend, the first terms of (all the series 
found in two sets of) such (series) as have equal sums (in relation 
to each set) and are characterised by 9 as the number of terms in 
eaoh (series), when those (series belonging to the first and second 
sets) have (respectively ) common differences beginning with I 
and ending with b (in one oaso) and havo 1, Jl, 5 and 7 as the 
common differences (in the other case). 

The rale for finding out the common difference in rolatiou to 
such (series in arithmetical progression) as are characterised by 
varying first terms, equal numbers of terms and equal sums : — 

91. Of that (series) which has the largest first term, one is 
taken to be the common difference. The difference between this 
largest first term and (each of the) remaining (smaller) first terms 
is divided by the half of the number of terms lessened by one ; 
and when this (quotient in each case) is combined with owe, 
(we get) the common differences of (the various scries having) the 
remaining (smaller) first terms. 

An example in illustration thereof . 

92. 0 arithmetician, who have seen the other shore of calcula- 
tion, give out the common differences of (all) those (series) which 
are characterised by equal sums and hav,3 l, •*, 5, 7, 9 and 11 for 
their first terms and 5 for the number of terms in each. 

b and bi their corresponding common differences. It in obvious that in tbit 
formula, when b, 6, and »» are given, a, in determined by choosing any value 
tot a ; and one is chosen as the value of o in the rule here. 

91. The general formula in this ease is 

bj — a ~~ fl| + b, wherein also the value of b it taken to be one in the rule 
n — 1 
2 

given above. 
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The rule for finding out the gmadhana and the sum of a 
series in geometrical progression : — 

93. The first term (of a series in geometrical progression), 
when multiplied by that self -multiplied product of the common 
ratio in which (product the frequency of the occurrence of the 
common ratio is) measured by the number of terms (in the 
series), gives rise to the gunadhana. And it has to be understood 
that this gmadhana , when diminished by the first term, and 
(then) divided by tho common ratio lessened by one, becomes the 
sum of the series in geometrical progression. 

Another rule also for finding out tho sum of a series in geo- 
metrical progression : — 

94. The number of terms in the series is caused to be marked 
(in a separate column) by zero and by one (respectively) corre- 
sponding to the even (value) whioh is halved and to tho uneven 
(value from which one is subtracted till by continuing these 
processes zero is ultimately reached) ; then this (representative 
series made up of zero and one is used in order from the last one 
therein, so that this one multiplied by tho oommon ratio is again) 
multiplied by tho common ratio (wherever one happens to be the 
denoting item), and multiplied so as to obtain the square (whom- 
ever zero happens to be the denoting item). When (the result 


93. The guyadhana of a series of n terms in goomot.rioal progression corre- 
sponds in value to tho (n + l)th term thereof, when the series is continued.' 

The value of this gumdhana algebraically stated is r x r x r up to n such 

faotors x a, i.e., «r M . Compare this with the uitaradhana. 

This rule for finding out tho sum may bo algebraically expressod thus: — 

S =. ~ whero a is the first torm, r the common ratio, 


and n tho number of torms. 

94. ThiB rule differs from the previous one in so far as it gives a new 
method for finding out r» by using tho processes of squaring and ordinary 
multiplication ; and this method will beoomo clear from the following example • 
Let n in r H bo equal to 12. 

12 is even ; it has therefore to bo divided by 2, and to be denoted by 0: 

¥ = 0 „ „ 2 , „ „ „ 0 : 
f sst 3 is odd ; 1 is ,, „ subtracted from it, and it is „ „ 1 : 

3—1392 is even j it has ,, ,, divided by 2, and to be „ 0: 

| = 1 is odd ; 1 is „ „ subtracted from it, and it is „ ,, l 

1 — 1=0, which concludes this part of the operation. 
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of) this (operation) is diminished by one, and (is then) multiplied 
by the first term, and (is then) divided by the oomraon ratio 
lessened by one , it beoomos the sum (of the series). 


The rule for finding out the last term in a geometrically pro- 
gressive series as also the sum of that (series) : — 

95. The antyadham or the last term of a series in geometrical 
progression is the ymndhana (of auother series) wherein the 
number of terms is less by one . This (< antyadhana ), when multi- 
plied by the common ratio, aud (then') diminished by the first 
term, aud (then) divided by the common ratio lessened by one, 
gives rise to the sum (of the sorios). 


Jlw example in illustration thereof, 

90. Having (first) obtained 2 golden coins (in some city), a 
man goes on from city to city, earning (ovory where) three timos 
(of what ho earned immediately before'. Say how much he will 
make in the eighth city. 


Now, in tho repronontutivo column of figure* no <l*u mol given in tho 
margin — 

0 the low oh t 1 in multiplied by r, which given r ninco thin lowest 1 hand 

0 above it, the r obtained :ih before in aquaied, which given * ninco thi* 0 

1 han 1 above it, t he r v now obtained in multiplied by r, which given r* ; 

0 ninco thin 1 ban 0 above it, thin r* in nquarcd, which given / : and ninco 

1 again thin 0 han another 0 above it, thin *■'* in nqu trod, which given r u . 

Thun tho value of r tuny be arrived at by uning uh tew time* an ponniblo tho 

processes of nfjuaiing and niinplc multiplication. The object of t.lm method in 
to facilitate tho detormimtion of the v.ilun of r" ; and it in easily neon that tho 
method holds true for all ponitive and integral valutm of n. 

95. KxprowKMl algebraically, H =: ar " . 1 * - r ~ ° The antyatlhuna in tho 

value of the last terra in a neiien in geometrical progrennion ; for tho 
meaning and value of yunadhana, <M*o ntan/.a W.‘l nlmvo in thin e.hapter. Tho 
antyndhana of a geometrically progronnivt soriot of n terrnn in <u» I, while tho 
unnadhana of tho name nerien in ar". Similarly the antyndhana .of a geometrically 
progrennivo nerien of n — 1 terrnn i* ar" i, white the jnnndhava thereof in ar« v l. 
Here it in evident that the antyatlhnna of the none* of » form** in the nnnto 4* 
the < iwtadhana of the nerien of n — 1 terrnn. 
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The rule for finding out the first term and the oommon ratio 
in relation to a (given) gunadhana 

97. The gunadhana when divided by the first term becomes 
equal to the (self-multiplied) product of a certain quantity in which 
(product) that (quantity) occurs as often as the number of terms 
(in the series) ; aud this (quantity) is the (required) oommon 
ratio. The gunadhana , when divided by that (self-multiplied) 
produot of the common ratio in whioh (produot the frequency 
of the occurrence of this common ratio) is measured by the 
number of terms fin the scries), gives rise to the first term. 

The rule for finding out in relation to a given gunadhana the 
number of terms (in the corresponding geometrically progressive 
series) : — 

98. Divide the gunadhana (of the series) by the first term 
(thereof). Then divide this (quotient) by the common ratio 
(timo after time) so that there is nothing left (to carry out such a 
division any further) ; whatever happens (here) to he the 
number of vertical strokes, (each representing a single such divi- 
sion), so much is (the value of) tho number of terms in relation 
to the (given) gunadhana. 

Examples in illustration thereof. 

99. A certain man (in going from city to city) earned money 
(in a geometrically progressive series) having 5 dinar us for the 
first term (thereof) and 2 for the common ratio. Ho (thus) 
entered 8 cities. How many aro the dmiras (in) his (possession) ? 

100. What is (the value of) tho wealth owned by a merchant 
(when it is measured by the sum of a geometrically progressive 
series), the first term whereof is 7, the common ratio d, and the 
number of terms (wherein) is 9 : and again (when it is measured 
by the sum of another geometrically progressive series), the first 


07 and 03. It is clear that «r», when divided by a gives ; and this is divis- 
ible by r as many times as «, which is accordingly tho measure of the number 

of terms in the aeries. Similarly r x r x r up to n times gives r* ; and 

♦he gunadhana i.e ., ar» divided by this r H gives a, which is tho required first term 
of the scries. 
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term* the common ratio and the uuinb'r of term* thereof being 
3, 5 and 15 (respectively) ? 

The rule for finding out the common ratio - and the first 
terra in relation (o the (given) sum of a series in geometrical 
progression : — 

10V That (quantity) by which the sum of the series divided 
hy the first term and (then; lessened hv owe is divisible throughout 
(when this process of division after Iho subtraction of otic ip 
carried on in relation to all the successive quotients) time after 
time— (that quantity) is the common ratio. The sum, multiplied 
hy the common ratio lessened 1 »y one, and (then) divided hv that 
self-multiplied produet of the common ratio in which (product) 
that (common ratio) occurs as frequently ns the number of terms 
(in the scries), after this (name self-multiplied product of tho 
common ratio) is diminished hy one , gives rise to the first term. 

Kraut f>les in illustration thereof. 

102. When the first tenn is M, the number of terms is 0, and 
the Hum is 1005 (in relation to a series in geometrical progres- 
sion), what is the value of the common ratio Y The common 
ratio is (>, the number of terms is 5, and the Hum is 31 10 (in 
relation to another series in geometrical progression). Wlmt i« 
the first term here Y 


101 . Thi* lind | iiir*. of tie* rule will become rlcur irom Mm following 
example 

The sum of the fo-ricH in -Ion.', the 1 i ■ h t lenn .'I, and the number oi term* tj. 
Here, dividing '10: *.'» hy !1 we get lllOfi. Now, ll)o.» — I ™ Kh’t. (')mo#i»»g 
I a*; i * .'110 

by trial 1, we have ^ ' .‘HI ; .‘Ml - 1 + He, HA 1 8f ; 


81 


20 1 

• 21 ; 21 — I 20, o ; O — 1 1;— 1. Hence t in t he nomtuon 

ratio. The principle on which this method in baaed will I hi clear from tha 
following : - 

a SfZzl) -L- a 1 ^ and * ^ - 1 T r wliicli it obvionnly divisible 

r — l * r - 1 * r- I r-i 

byr - rt(r* - I) ,-l 

The aecond part expressed algebraically n* a ^ _ j * j . 


6 
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Tho rule for finding out the number of terms in a geome- 
trically progressive series : — 

103. Multiply the suip (of the given series in geometrical 
progression) by the common ratio lessoned by one ; (then) divide 
this (product) by the first term and (then) add one to this 
(quotiont). The number of times that this (resulting quantity) is 
(successively) divisible by the common ratio— that gives the 
measure of the number of terms (in the series). 

Examples in illustration thereof. 

104. 0 my excellently able mathematical friend, tell me of 
what value the number of terms is in relation to (a series, whereof) 
tho first term is 3, the common ratio is 0, and the sum is 777. 

105. What is the value of the number of terms in those 
(series) which (respectively) have 5 for tho first term, 2 for tho 
common ratio, 1275 for the sum : 7 for tho first term, 3 for the 
common ratio, 68887 for the sum : and 3 for the first term, 5 for 
tho common ratio and 22888183593 for the sum P 

Thus ends summation, tho soventh of the operations known as 
Partkarman. 


VyutknNta . 

Tho rule of work in relation to tho operation of Vf/utkalita * 
which is the eighth (of tho Parikarman operations), is as follows : — 

106. (Tnko) the chosen-off number of terms as combined with 
the total number of turns (in the seiies), and (take) also your 
own chosen-off number of terms (simply) ; diminish (each of) 


* In a given series, any portion chosen or from the beginning is caHed i ta 
or tho chosen-oPF part ; and the rest of the series is called n, and it contains 
the remaining terms and forms the remainder-series. It is the snm of these i ta 
terms wh\eh is called vy utlealita. 

100. Algebraically, vyutkntita or Sv = j 6 + a j (n - d), and the 

sum of the isia or Si = ^ . 6 + d ; where d is the number of terms in 

ohosen-off part of the series. 
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these (quantities) by one and (then) halve it and multiply it by 
the common difference ; and (then) add the first, term to (each of) 
these (resulting products). And these (resulting quantities), 
when multiplied by the remaining number of terms and the 
eh 08on-off number of terms (respectively), give rise to the sum of 
the remainder-series and to tHe sum of the ohosen-off part of 
the sdHes (in order). 


The rule for obtaining in another manner the sum of the 
remainder-aeries and also the sum of the ohosen-otT part of the 
given series :~~ 

107. (Take) the chosen-off numhor of terms as combined with 
the total number of terms (in the series), and (take) also the 
chosen-off number of terms (simply ) ; diminish (each of) these by 
one , and (then) multiply by the common difference, and (then) 
add to (each of) these (resulting products) twieg the first term. 
These (resulting quantities), when multiplied by the half of the 
remaining number of terms and by the half of the chosen-off number 
of terms (respectively), give rise to the sum of the remainder-series 
and to the sum of the chosen-nil* pari of the scries (in order). 


The rulo for finding out the sum of the nunainder-sorioH in 
respect of an arithmetically progressive as well as a geometrically 
progressive series, as also for finding out the remaining mmibor 
of terms (belonging to the remainder-series) : — 

108. The sum (of the given series) diminished by the sum of 
the chosen-off part (of the series) gi»os rise to the sum of the 
remainder-series in respect of the arithmetically progressive as 
well as the geometrically progressive series ; and when the 
difference between the total number of terms and the chosen-off 
number of terms (in the series) is obtained, it becomes the remain- 
ing number of terms belonging to that (reiuaiuder-serios). 

107. Again, Sr = + d - 1) 6 + 2a j ~ - , amt ,St — j (</- lj 6+ 2a j - 
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Tho rule for finding out the first term in relation to the 
remaining number of terms (belonging to the remainder- series) : — 

109. The chosen-off number of terms multiplied by the common 
difference and ^thon) combined with the first term (of the given 
series) gives rise to the first term in relation to tho remaining 
terms (belonging to tho remainder-series) 'I he already mentioned 
common difference is the common difference in relation to those 
(remaining terms also) ; and in relation to the chosen-off number 
of terms (also both the first term and the common difference) are 
exactly those (which are found in the given series). 

The rule for finding out the first term in relation to the 
remaining number of terms belonging to tho remainder-series in 
a geometrically progressive series : — 

110. Even in respect of a geometrically progressive series, the 
common ratii aud tho first term are exactly alike (in the given 
series and in the chosen-off part thereof). There is (however) this 
difference here in respect of (the first term in relation to) the 
remaining number of terms (in tho remainder-series), viz., that 
tho first term of the f given) series multiplied by that self-multi- 
plied product of the common ratio, in which (product) the 
frequency of the occurrence of the common ratio is measured by 
the chosen-off number of teime, gives rise to the first term (of the 
remainder-series). 

Examples in illustration thereof. 

111. Calculate what tho sums of tho rcmaiuder-soiios are in 
ieapeot of a series in arithmetical progression, the first term of 
which is 2, the common difference is 3, and tho number of terms 
is 14, when the choseu-off numbers of the terms are 7, 8, 9, 6 and 5 
(respectively). 

112. (In connection with a series in arithmetical progression) 
here (given), the first term is 6, the common difference is 8, the 
number of terms is 36, and the chosen-off numbers of terms are 10. 

100. The lirHt term of tho remainder Rcrivs =. db + a. The Berios dealt with 
in tbit rule ia obviously in arithmetical progression. 

• 110. The tirst term ol the remsindqj- series is ar tf . 



CHArTEK II — ARITHMETICAL OPERATION!*. 


37 


12 and 1(3 (respectively). In connection with another (similar 
series), the first term and the other things are 5, f», ;00 and 
100 (in order). Say what the sums are of the (coi responding) 
remainder-series. 

113. The number of terms (in a series in arithmetical pro- 
gression) is 2U>; tho common difference is 8; the fiistterinis 
14 ; f 37 is tho chosen-off number of terms (to be removed). Find 
the sums both of tho remainder-series and of the cheat n-otl part 
(of the givon series). 

114. Tho first term (in a given series in arithmetical progres- 
sion) is, in this (problem), 04 ; the common difference is minim \ ; 
tho number of terms is 1(>, What, are the sums of the roirmindor- 
ecries when tho ebosen-off nunibcis of terms arc 7, it, 1 1 and I2P 

Example* on vyutkalita in l eaped of a *j eomeinenlh / 
pr iijras/rc fnrie *, 

115. Whero (in the process of reckoning of the fruits on trees 
in serial bunches), 1 happens to be the first term, 2 the com men 
ratio, and 1(3 the number of terms, while the choscn-olT numher 
of terms (removed) are 10, 0, 8, 7, 6, 5 and 4 ( ich actively )— 
there, say, O you who know arithmetic ami have penetrated 
into the interior of tho forest of practical mathematical operations, 
(tho interior) wherein wild elephants sport- (there say) what tho 
total of tho remaining fruits is on the tops of tho various good 
trees (dealt with therein). 

Thus ends vyutkalita y tho eighth of tho operations known us 
Parikannan, 

Thus ends the first subject of treatment known as 
pat ikfti imiu in Sarasahgraha*, which is a work on 
arithmetic by Mahaviracarya. 


116. In this problem, there arc K»vu. 7 different fruit In- *, w.rh of w; M, 
has 10 bunches nf fruits. Tho h.wot bunch «.n . a< li tree has 1 fools , Mu* 
in the higher bunches arc ally |ro(rr«>Mv, in number, Hu- r«„, mm. 

ratio being 2 ; and 10, !», H, 7, 0,5 and 1 r. |.n-e,d I he ..umboH d M.« hum he 
removed from below in order f.om the 7 he. ■*. We leave |o find out 11 the total 
of the reran inimr fruils on tho toj * of tho various W'l tn-» V WUMavi. 
ItndUa, as it occurs it. this sUiisa, U the name of the n»«lir m *»•»''" it i« 
composed, at tin same tirns that i. umm„s the spor»ii»«: of wild eh phanU. 
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CHAPTER HI. 

FRACTIONS. 

The Second Subject of Treatment. 

1. Unto that excellent Lord of the Jtnas, by whom the tree 
of barman has been completely uprooted, and whose lotus-like feet 
are enveloped in the halo of splendour proceeding from the tops of 
the crowns belonging to the chief sovereigns in all the three worlds 
— (unto that Lord of the Jinan), I bow in devotion. 

Hereafter, we shall expound the second subject of treatment 
known as Kallsavarna * (i.e., fractions). 

Multiplication of Fractions.* 

The rule of work hero, in relation to tho multi pliention of 
fractions, is as follows : — 

2. In tho multiplication of fractions, the numerators are to 
be multiplied by tho numerators and the denominators by the 
denominators, after carrying out the process of cross-roductioii, if 
that he possible in relation to them. 

Examples in illustralion thereof . 

3. Tell me, friend, what a person will get for | of a pah of 
dried ginger, if ho gets J of a pana for 1 pala of such ginger. 

4. Where the price of 1 pala of pepper is J of a pana, there, 
say, what tho price will be of f of a pala. 

5. A person gets ij of a pala of long pepper for 1 pana. 0 
arithmetician, mention, after multiplying, what (ho gets) for 
if panas. 

b. Where a merchant buys ot a pala of cumin seeds for 1 
pana , there, 0 you who possess complete knowledge, mention what 
(ho buys) for | punas, 

7. The numerators of the given fractions begin with 2 and go 
on increasing gradually by 2 ; again their denominators Login * 


* Kal<i*avuru<i literally means parts resembling j 0 , since hold denotes the 
sixteenth part. Hence the term Knlasavania has come to signify fraotions in 
general. 

2. When $ x $ is reduced as 5 x h tho process of eross*reductionis applied. 

7. The fractions hereiu mentioned ar£: §» <&». 
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with 3 and go on increasing by 2 ; those (numerator* and 
denominators) are, in both (the easoa), 10 in number. Mention, 
of what value the products here will be, when those (fractions) 
are multiplied, they being taken two by two. 

Thus ends multiplication of fractions. 

■t 

Division of Fractions. 

The rule of work, in relation to the division of fractions, is as 
follows *. — 

8. After making the denominator of ihe divisor its numerator 
(and vice versa), the operation to be conducted then is as in the 
multiplication (of fractions). Or, when (the fractions constituting) 
the divisor and the dividend are multiplied hy the denominators 
of each other and { these two products) are (thus reduced so as to he) 
without denominators, (the operation to bo conducted is as in the 
division of whole numbers. 

Examples in H lustration thereof. 

0. When the cost of half ft pah of mmhetidu is J ol a pana, 
what does a person get it he sells 1 pula tit that (same) rate Y 

10. In case a person gels of a papa for i of a y We of red 
sandalwood, what will he get for I jmla (of the same wood) Y 

11. When V °f the perfume nakha is ohtaiuuhle for J of 
a pana , what (will ho obtainable) for 1 pana at that (same rate) Y 

12. The numerators (oMho given fractions) begin with 3 and 
goon increasing gradually hy 1, till they arc 8 in number; the 
denominators begin with 2 and are (throughout) lehs hy otic 
(than the corresponding numerators), lei! me "dial the result 
is when the succeeding (fractions hero) aro divided (in order hy 
the preceding ones). 

Thus ends the division of fractions. 



<») 


= ad 6c, 
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The Squaring, Square-Root, Cubing, and Cube- 
Root of Fractions, 

In connection with the squaring, the square root, the cubing, 
and the cube root of fractions, tho rule of operation is as 
follows 

13. If, after getting the square, the square root, tho cube (or) 
the cube root of tho (simplified) denominator and numerator (of 
the given fraction), the (new) numerator (so obtained) is divided 
by the (similarly new) denominator, there arises tho result of the 
operation of squaring or of any of the other above-mentioned 
(operations as the caso ma) be) iu relation to fractions. 

Example* in illustration thereof. 

14. 0 arithmetician, tell me the squares of | , -i-Jfi. 

and 

15. The numerators (of the given fractions) begin with 3 and 
(gradually) rise by 2 ; tho denominators begin with 2 and 
(gradually) rise by 1 ; the number of these (fractions) is known to 
be 12. Tell mo quickly their squares, you who are foremost 
among arithmeticians. 

16. Tell mo quickly, 0 arithmetician, the square roofs of £, 
iV> is a, *d ;iV 

17. 0 clever man, tell mo what the square roots are of the 
squared quantities which are found in the (examples bearing on 
the) squaring of fractions and also of 

18. The following quantities, uamoly, i, J, J and -J, 

oro given. Toll me their cubes separately. 

19. The numerators (of the given fractions) begin with 3, and 
(gradually) riso by 4 ; the denominators begin with 2 and 
(gradually) rise by 2 ; the number of such (fractional) terms is 
10. Tell me their cubes quickly, 0 friend who are possessed of 
keen intolligonce in calculation. 


G76 ■ 700 — 3 x 

17. Iloro — is riven in tho original as - 

25 5* 
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20. Give the oube roots of if* and 

21. 0 friend of prominent intelligence, give the oube roots of 
the cubed quantities found in (the examplos on) the oubing of 
fractions and (give also the oube root) of i }4 1 . 

Thus end the squaring, square-root, cubing and cube-root of 
fraotiRns. 


Summation of fractional series in progression. 

In regard to tho summation of fractional series, the rulo of 
work is as follows 

22. The optional number of farms (making up tho fractional 
serios in arithmetical progression) is multiplied by the common 
difference, and then it) is combined with twioo the first term and 
diminished by tho common difference. And when this (resulting 
quantity) is multiplied by tho half of the number of farms, it given 
rise to the sum in relation to a fractional series Jin arithmetical 
progression). 

Example* ft? Must ration thereof. 

2d. Tell me what the sum is (in relation to a series) of which 
jj and J are the first term, the common difference and tho 
number of farms (in order) ; as also in relation to another of 
which 4, | and J (constitute these elements). 

21. The first farm, the common difference and the number of 
terras are f, J and -J (in order in relation to a given series in 
arithmetical progression). The numerators and denominators of 
all (these fractional quantities) are (successively) increased by 2 
and 3 (respectively) until seven (senes are so made up). What, 
is the sum (of each of those ) '? 

22 Algebraically S ~ ini + 2a-l) ” . Of. not« under Chop. 1 1 

23. Whenever the number of term* in & *orif* »» given a* a fraction, «« hor«, 
it is evident that such a serio* cannot generally b<* formed actual!) number of 
terms. But the intention seems to bo to show that the rule h»»Ids good even 
in such oo scs. 


6 
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The rule for arriving, in relation to (a series made up of any) 
optional number of terms, at the first term, the common difference 
and the (related) sum, which is equivalent firstly to the square 
and secondly to the cube (of the number of terms) 

25. Whatever is (so) chosen is the number of terms, and one is 
the first term. The number of terms diminished by the first term, 
and (then) divided by the half of the number of terms diminished 
by owe, becomes the common difference. The sum (of the series) 
in relation to these is the square of the number of terms. This 
multiplied by the number of terms becomes the cube thereof. 

Example* in illustration thereof. 

26. The optional number of terms (in a given series) is (taken 
to be) ; and the numerator as well as the denominator (of this 
fraction) is (successively) increased by one till ten (such different 
fractional terms) are obtained. In relation to these (fractions 
taken as the number of tor ms of corresponding arithmetically 
progressive series), give out the first term, the common difference 
and the square and the cube (values of the sums in the manner 
explained above). 

The rule for finding out the first term, the common difference 
and the number of terms, in relation to the sum (of a series in 
arithmetical progression) which (sum) happens to be the cube of 
(any) chosen quantity : — 

27. One-fourth of the chosen quantity is the first term ; and 
from this first term, when it is multiplied by two, results the 


25. It is obvious that, in the formula S = (2a + ?i — 1A), the value of S 

beoomos equivalent to « a when a = 1, and b In the multiplication of 

this sum by m, there is neoessarily involved the multiplication of a as well as of 6 

by n, so that, when a = « and b — — — - 2n, S = n 3 . A little consideration will show 
J n— 1 

how the valno of 6 as ^ n * — makes it jmssible to arrive at u s as the value of S 

n — 1 

whatever may he the value of a, whether fractional or integral. 

27. This rule gives only a particular caso of what may be generally applied. 

The rule as given hero works out thus : £ + — +JJ? + up to 2# term* 

4 4 4 
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oommon differonoe. The common difference multiplied hy (oar 
is the number of terms fin the required sories). The sum as 
related to these is the cube (of the chosen quantity). 

Examples in illustration thereof. 

‘^8. The numerators begin with 2 and are successively increased 
by 1 ; the denominators begin with 3 and are (also) successively 
increased by I ; and both, those kinds of terms (namely, the 
numerators and the denominators < are (severally) five (in number). 
In relation to these (chosen fractional quantities), give out, 0 
friend, the cubic sum and the (corresponding) tirst term, common 
difference, and number of terms. 

The rule for finding out, from the known sum, first term and 
common difference (of a given series in arithmetical progression), 
the first term and the common difference (of a seriee), the optionally 
chosen sum (whereof) is twice, throe times, half, one-third, or some 
such (multiple or fraction of the known sum of the giveu series) : — 

29. Put down in two places (for facility of working) the 
ohosen sum as divided by the known sum. This (quotient), when 
multiplied by the (known) common difference, gives the (required) 
common difference— and that (same quotient), when multiplied 
by tho (known) first term, gives the (required) first term— of (the 
series of which) the sum is either a multiple or a fraction (of the 
known sum of the given series). 

Examples in illustration thereof. 

30. The first term (of a series) is *h ( ‘ common difference ii 
1, and the number of terms common (to the given as well os the 

■ __ * — g t m Ti ie general applicability of thic 1 prooeaa can he ul once made out 

from tho equality, -* x (px) 1 = x*, to that in all such coho* tho number of term* 

p 3 

in tho eeriea ia obtained by multiplying by p* the first, term, which in repromntable 
aa ~~ } and the oommon difference in of eourte taken to bo twice tbia flrat term ^ 

f* 

in every caao. 

t0. 8ee note under 84, Chap. II* 
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required series) is (taken to be) f. The sum of the required 
.series is of the same value ($). Find out, 0 friend, the first term 
and the common difference (of the required series). 

31. The first term is twice the common difference (which is 
taken to be 1) ; the number of terms is (taken to be) {$. The sum 
of the required series is Find out the first term a^d the 
common difference. 

32. The first term is 1, tho common difference is f and the 
number of torms common (to both the given as well as the required 
series) is (taken to be) $. The sum of the required series is ff. 
Give out the first term and the common difference (of the required 
series). 

The rule for finding out the number of terms (in a series in 
arithmetical progression) 

33. When, to the square root of (tho quantity obtainod by) the 
addition, of the square of the difference between tho half of tho 
oommon difference and the first term, to twice the common 
difforenoe multiplied by the sum of the series, half the common 
difference is added, and when (this sum is) diminished by tho first 
term, and ^ihbn) divided by the common difference, (we get) the 
number of terms in the series. 

He (the author) states in another way (the rule for finding out) 
the same (number of terms) : — 

34. When, from the square root of (the quantity obtained by) 
the addition, of the square of the difference between the half of 
the common difference and tho first term, to twioe the common 
difference multiplied by the sum of the series, the tyepapada is 
subtracted, and when (this resulting quantity is) divided by the 
common difference, (we get) the number of terms in the series. 


38. Bymbolioully expressed, « «=» — - i — -i-. cy. not# under 

69, in Chap. II. 

34. For kftya puda, eee note under 70 in Chap. IL 
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Examples in illustration thereof. 

35. In relation to this (given) series, the first term is }, the 
common difference is and the stun given is ^ ; again (in relation 
to another series), the common difference is j, the value of the first 
term is £, and the sum is - 4 *V In respect of these two (scries), 0 
friend* give out the number of terms quickly. 

The rule for finding out the first term as well as the common 
difference : — 

36. The sum (of the series) divided by tho number of terms 
(therein), when diminished by (tho product, of) the common 
difference multiplied by tho half of tho number of terms loss by 
one, (gives) the first term (of the series). The common difforonco 
is (obtained when) the sum, divided by the number of terms and 
(then) diminished by the first term, is divided by tho half of tho 
number of torms less by one. 

Examples in illustration thereof. 

37. Give out tho first term and the common difforonco (res- 
pectively) in relation to (tho two series characterised by) ^ as 
the sum, and having j (iri one case) as tbo common difforenoo 
and | as the number of terms, and (in the other case) I as tho 
first term and £ as the number of torms. 

The rule for finding out in relation to two (series), tho number 
of terms wherein is optionally chosen, their mutually interchanged 
first term and tho common difference, as also their sums which 
may be equal, or (one of which may be) twice, thrice, half or one- 
third (of tho other) 

38. The number of terms (in one series), multiplied by itself 
as lessened by oi ne , and then multiplied by the chosen (ratio 
between tho sums of the two series), and then diminished by twice 
the number of terms in the other (series, gives rise to tho inter- 
changeable) first term (of one of the series). Tho square of the 


36. 8ee note uader 74, Chap. U- 
38. 8«e note under 80, Chap. II. 


46 


0 ANITA BAR ASANG RAHA . 


(number of terms in tbe) other (series), diminished by that 
(number of terms) itself, and (then) diminished (again) by the 
product of two (times) the chosen (ratio) and the number of terms 
(in the first series, gives rise to the interchangeable) common 
difference (of that series). 

« 

Examples in illustration thereof. 

39. In relation to two series, having 10^ and 9£ to (respectively) 

represent their number of terms, the first term and the common 
difference are interchangeable, the sura of one (of the series) is 
either a multiple or a fraction (of that of the other, this multiple 
or fraction being the rosult of the multiplication or the division as 
the case may be) by means of (the natural numbers) commencing 
with 1. 0 friend, give out (these) suras, the first terms and the 

common differences. 

The rule for finding out the gunadhana and the sum of a series 
in geometrical progression : — 

40. The first term (of a series in geometrical progression), when 
multiplied by that self-multiplied product of the oommon ratio, 
in which (produot) the frequency of the occurrence of the common 
ratio is measured by the number of terms (in the series), gives 
rise to the gumdkana. And it has to be understood that this 
(gunadhana), when diminished by the first term and (then) divided * 
by the oommon ratio lessened by one , becomes the sum of the 
series in geometrical progression. 

The rule for finding out the last term in a geometrically 
progressive series as well as the sum of that (series) : — 

41. The antyadhana or the last term of a series in geometrical 
progression is the gnitadhana of (another series) wherein the number 
of termB is less by one. This ( antyadhana ), when multiplied by the 
common ratio and (then) diminished by the first term and (then) 


40. Set note under 93, Chap. II. 

41. See note under 95, Chap. II. 
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divided by the common ratio lessened by one , gives rise to the 
eum (of the series). 

An example in {limitation thereof ’ 

42. In relation to a series in geometrical progression, the first 
term is the common ratio is J and the numbor of terms is here 6. 
Tell me quickly the sum and the last term of that (series). 

The first term, the common ratio and the numbor of terms, in 
relation to the gunadhana and the sum of a series in geometrical 
progression, should also bo found out by means of the rules statod 
already (in the last chapter).* 

The rule for finding out the (oommon) first term of two series 
having the same sum, ono of them being in arithmetical progression 
and the other in geometrical progression, their optionally ohoson 
number of terms being equal and tho similarly chosen common 
difference and oommon ratio also being equal in v^luo. 

4fi. One is (taken as) the first term, the number of torms and 
the oommon ratio as well as the common difference (which is equal 
to it) are optionally ohoson. Tho uttarad/iana (hero), divided by 
the sum of this geometrically progressive series as diminished by 
the adidhana (thorcof), and (then) multiplied by whatever is taken 
as tho first term, gives rise to tho (required common) first term in 
relation to tho two series, (one of which is in geometrical progre*- 
sion and the other in arithmetical progression, and both of) whioh 
are characterised by sums of the samo value. 


* For these rule*, see 97, OH, lol and 1011, Chap. II. 

43. For ddidhwna and uttaradhnna, soc note binder 03 and 04, ('Imp. II. This 

«(«~l) 

2 * b 

rule, symbolically expressed, work* out thus : a r= . . w here A -.s r 

<*•"-1)1 ■ 

r 1 

For faoility of working, I i* chosen a* the provisional first term, but it la obvious 
that any quantity may be so provisionally chosen, The use of the provisional 
tint term is seen in facilitating the statement of the rule by mean.* of tho 
expressions ddidhana and ulturadhnnu. Tho formula hero given is obtained by 
equating tho formula; giving tho sums of tho geometrical and tho arithmetical 
series. It is worth noting that the word caya is used hero to denote both tho 
common difference in an arith metical and the common ratio in a geomot rical series, 
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Example * in illustration thereof. 

44. The number of terms are 5, 4 and 3 (respectively) and the 
common ratios as well as the (equal) common differences are $ 
and -J (in order). What is the value of the (corresponding) first 
terms in relation to these (sets of two series, one in geometrical 
progression and the other in arithmetical progression), wh^h are 
characterised by sums of the same value Y 

Thus ends the summation of fractions in series. 


VynthalUa of fractions in series. 

The rulo for performing the operation of vyutkalita is as 
follows : — 

45. (Take) the chosen-off number of terms as combined with 
the total number of terms fin the series), and (take) also your 
chosen-off number of terms (separately). Multiply oach of theso 
quantities by the common difference and diminish (the products) 
by the common difference ; (then) multiply by tiro ; and these 
(resulting quantities), whon multiplied by the half of the remaining 
number of termB and by the half of the chosen-off number of 
terms (respectively), give riso t) the sum of the remainder-series 
and to the sum of the chosen-off part of tho (given) series (in 
order). 

Tho rule for finding out tho first terra in relation to the 
remaining number of terms (making up the remainder* series) 

46. The first term (of the scries), diminished hv the half of the 
common difference, and combined with the chosen-off number of 
terras ftB multiplied by the common difference, as also with the half 
of the oomraon difference, (gives) the first term of the remain- 
ing number of terms (making up the remainder-series). And the 
oommon difference (of the remainder-series) is the same as what is 
found in the given series. 


45. Cf. note under 106, Chap. II. 

46. Cf. note under 100, Chap. II, 
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47 Even in respect of a geometrically progressive series, the 
common ratio and the first term are exactly alike (in the given 
series and in the chosen-olT part thereof). There is (howevor) fhia 
difference here in respect of (the first term among) the remaining 
uumber of terms (constituting the remainder-series), viz., that the 
first term of the (given) series multiplied l»v that self-multiplied 
product of the common ratio, in which (product) Iho frequency of 
occurrence of the common ratio is measured by the chosen-off number 
of terms, gives rise to the first term (of the remainder-series). 

Examples in illustration thereof. 

48. Calculate what tho sum of the remainder-series is in 
relation to that (series) of which 1 is tho common difference, i the 
first term, and J is (taken to ho) tho number of terms, when tho 
choson-off number of terms (to be removed) is (taken as) 

49. In relation to a series in arithmetical progression, the first 
term is the common difference is \ , and the number of terms is 
(taken to be) f. When tho choson-off numCer of terms (to be 
removed) is (taken as) jj, give out, 0 you who know calculation, 
the sum of the remainder-series. 

50. What is tho value of the sum of tho remainder-series 
in relation to a series of which the first term is the common 
difference is and the number of terms is (taken to be) g, when 
the chosen-off number of terms is • 

51. The first term is tho common difference is and the 

number of teims is (taken us) J, and tho chosen-off number of terms 
is taken to be J, J or 4. 0 you, who, being the abode of katfs +, 

are the moon shining with the mnou-light of wisdom, tell me tho 
sum of the remaining number of tonfls. 

52. Calculate tho sum of tho remaining number of forms in 
relation to a series of which the number of terms is 12, the 
common difference is minus J, and tho first term is 4^, the choson- 
off number of terms being 3. 4, 5 or 8. 


47. note un<i<»r 110, Chap. I!. 

♦ I (aid is hero opo< 1 io tho double s*’n*** of * h*ariuiif<’ and ‘ the dipt* of the 
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Example in illustration of vyntkalita in relation to a series in 
geometrical progression. 

53. The first term is 7-J, the common ratio is §, and the 
number of terms is 8 ; and the ohosen-off number of terras is 3, 4 
or 5. What are the first term, the sum and the number of terms in 
relation to the (respective) remainder-series ? 

Tims ends the vyntkalita of fractions, 


The six varieties of fractions. 

Hereafter we shall expound the six varieties of fractions, 

54. Bhaya (or simple fractions), Prabhdga (or fractions of 
fractions), then Bhdgabhdga (or complex fractions), then Bhdgdnu - 
bandha (or fraotions ill association), Bftdgdpavdha (or fractions in 
dissociation), together with Bhdgamdtr (or fractions consisting of 
two or moro of the above-mentioned fractions'}— these are hero said 
to be the six varieties of fractions. 

Simple fraotions : (addition and subtraction). 

The rute of operation in connection with simple fractions 
therein : — 

55. If, in the operations relating to simple fractions, the 
numerator ahd the denominator (of each of two given simple 
fractions) are multiplied in alternation by the quotients obtained 


55. r l ho uicth.il of reducing tractions to common denominators described in 
this rule applies only to pairs of fractions. The rule will he clear from the 
following worked out example : 

To simplify ' -U Here, a and xy are to be multiplied by 3 which is 

X:j r J 

tho quotient obtained by dividing «*, the denominator of the other fraction, by 
y which is the common factor of t lto deuiminator*. Thus we got • 

XU2 

Similarly in the socond fraction, by multiplying band yi by x which is the 
quotient obtained by dividing the first denominator xy by y the common factor, 

«e get hx Now *Z + = ?i± • 

t y%' ay* ays xya 
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by dividing the denominators bv moans of a common factor 
thereof, (the quotient derived from the denominator of either of the 
fractions being used in tho multiplication of the numerator and 
the denominator of the other fraction), those (fractions) become so 
reduced us to have equal denominators. (Then) removing ono of 
these (equal) denominators, the numerators are to lx» added (to one 
another) or to bo subtracted (from one another, so that tho result 
may be the numerator in relation to the other equal denominator). 

Another rule for arriving at the common denominator in 
another manner : — 

f>0. The mnuUha (or the least common multiple; is obtained 
bv means of the continued multiplication of (nil) the (possible) 
common factors of the denominators and (.all) their (ultimate) 
quotients. In the ease of (all) such multiples of the denominators 
and the numerators i of the given fractiona l, ns arc obtained bv 
multiplying those (denominators and numerators i by means of 
the quotients derived from tho division »>f the ^nirndMa by tho 
(respective) denominators, the denominators become equal (in 
value). 

Ji.ratHplffi <n ilhutrat tov ihi'Yenf. 

57 und 58. A : nu<thi purchased, for the worship of .linu, 
jambu fruits, limes, oranges, cocoa nuts, plantains, mangoes and 
pomegranates for J, 1, ft, ft, ft, ft , and J of tho golden coin in 
order; tell (me; what tho result is when these (fractions) are 
added together. 

59. Add together ft, ft, ft, H aat * ft» 

60. (There arc 3 sets of fractions), tho denominators whereof 
begin with 1, 2 and 3, (respectively) and, go on increasing gradually 
by one till the last (of such denominators) becomes 9, 10 and 


GO. The resulting problems are to find I ho vnlncW— 


.11 

2 X 8 + :] X 4 + 

... 2 A— 4- ^ ■ 

. in r"i 2 x 3 ^ * 4 X o ^ 

/ the given to. 3 _ 3 

;h is the mimeratoj+ 4X5 • X 3 + 


+ bxi» + r> 

2 2 
+ 0X10+1 <T 
, 3 3 

’ + 16 x 16 + id 
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16 (in order in tlie respcctm bets) ; the numerators (of these sets 
of fractions) are of the same value as the first number (in theso 
sots of denominators), and every one of these (above-mentioned 
denominators in oaoh sot) is multiplied by the next one. (the last 
denominator, however, remaining in each case unohanged for want 
of a further multiplying denominator). What is the sum of ^each 
of) these (finally resulting sets of fractions)? 

61 and 02. (There are 4 sets of fractions), the denominators 
‘whereof begin with 1, 2, 3 and 4 (respectively) and rise succes- 
sively in value by 1 until 20, 42, 25 and 3G become the last 
(denominators in the several sets) in order ; the numerators of theso 
(sets of fractions) are of the same value as the first number (in 
those seta of denominators ). And every one of these (denominators 
in each set) is multiplied in order by the next one, (the last 
denominator, however, remaining unchanged in each case). What 
is the sum on adding these (finally resulting sets of fractions) Y 

63. A man purchased on account of a Jina-festival sandal- 
wood, camphor, agaru and saffron for \ t .}, ,> 0 and } of a golden 
coin. What is the remainder (loft thoreof) Y 

64. A worthy sravaka gave me two golden coins and told me 
that I should bring, for the purpose of worshipping in the tcraplo 
of Jina, blossomed white lotuses, thick curds, ghee, milk and 
sandal-wood for J, }, T 3 0 and ^ of a golden coin, (respectively, 
out of the giveu amount). Now tell me, 0 arithmetician, what 
remains after subtracting the (various) parts (so spent). 

65 and 66. (There are two sets of fractions) the denominators 
whereof begin with 8 and 5 (respectively) and rise in both cases 
successively in value by 1, until 30 beoomes (in both eases) the last 
(denominator). The numerators of theso (sets of fractions) are of 
the same value as the first term in each (of these sets of denomina- 
tors). And every one of tho denominators (in each sot) is multi- 
plied by the next one, the last (denominator) being (in eaoh oase) 
multiplied by 4. After subtracting from 1, (eaoh of) these two 
(sums obtained by the addition of the sets of fractions finally 
• resulting as above), tell mo, 0 friend, who have * the 

other shore of the ocean of simple fractions, whati'y* by * which is us. 

hv u the common 
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37 to 71. Plio denominators (of certain given fractions) arc 
stated to be 10, 23,62, 2ft, 123, 35, 188,37, OK, IT, HO, 111, 110. 
31, 92, 57, 73, oo, 110, 40, 74, 210, (in order) ; and the numerators 
.begin with l and rise successively in value hv 1 (in order\ Add 
(all) these (fractions') and give the result, Oyou who have reached 
the ottyer shore of the ocean of simple fractions. 

Here, the rule for arriving at the numerators, when the deno- 
and the sum of a number of fraefions are given, is as 

Make one the numerator tin relation to all the given deno- 
N fi) ; then, multiply hv means of such numbers) 'as arc 
^Hly ohosen. those numerators which (are derived from these 
^us so as to) have a ootnmon denominator. I lore i, thoso 
'era) turn out to be the required numerators, the sum of tlm 
hereof, obtained by multiplying them with tho numcra* 
iVed as above , is equal to t he numerator, oft the given 
A the fractions concerned!. 

The rule for arriving at the numerators, I In? denominators and 
iii' sum being given ns before}, in relation to such (fractional) 
quantities as have thoir numerators successively t rising in value 
by one, when, in the (given ; sum (of these fractions), tho deno- 
minator is higher in value than tho numerator: — 

73. The quotient obtained by dividing tho (given; sum (of tho 
* fractions conocrnod) by tho sum of those (tentative fractions) 


72. This rule wiJ I become dour from Mu; working of tho example in atanau 

No. 74>, wherein we assume 1 to bo the provisional »fnmera'tor in relation to each 
of tho given denominators ; thus we get $, t\ and n, which, being rodnood aoaa to 
have a common denominator, become and 5 /:,“.,* When the numerator* are 

multiplied by 3. 3 and t in order, the sum of the products thus obtained b<*coijies 
equal to the numerator of the given aunj, namely, 877. Hence, 2, 3, and 4 arc tha 
required numerator*. Hero it may be pointed out that this given sum alao must 
be understood to have the aarae denominator as the common denominator of the 
fractions. 

73. To work out the aum given under 74 below, according to this rule ; 

Reducing to the same denominator the fractions formed by a»i«ijining 1 to be tho 

numerator :n relation to each of the given denominator*, we get JJ«, and iVt. 
Dividing the given sum H, by the sum of thoso fraction* f|", we get the quotient 
3 , wbioh i* the numerator in relation to the firat denominator. Jhe remainder 37V 
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which, (while having the given denominators), have one for the 
numerators and (are then reduced so as to) have a common deno- 
minator, becomes the ( first required) numerator among thoso which 
(successively) rise in value by one (and are to be found out). On. 
the remainder (obtained in this division) being divided by the 
sunfof the other numerators (having the common denominator as 
above), it, (/.*?., the resulting quotient), becomes another (viz., tho 
second required) numerator (if added to the first one already 
obtained). In this manner ^tho problem lias to be worked out) 
to the end. 

• .In example in illustration thereof. 

74. The sum of (certain) numbers which are divided (respect- 
ively) by 9, 10 and 11 is 877 as divided by 990. Grive out what 
tho numerators are (in this operation of adding fractions). 

The rule for arriving at the i required) denominators (is as 
follows) : — 

75. When the sum of tho (different fractional) quantities Laving 
one for their numerators is one, the (required) denominators ore such 
as, beginning with one, are in order multiplied (successively) by 


obtained in this ^ i vision in thru divided by thr sum of tho remaining provisional 
numerators, i.c., 181), giving tho quotient 1, which, combined with thr numerator of 
tho tiiit fraction, namely 2, becomes the numerator in relation to the second 
denominator. The remainder in this second division, viz., DO, is divided by the 
provisional numerator PC) of tho last fraction, and the quotient 1, when combined 
with tho numerator of the previuus (motion, namely 3, gives rise to the nuniero* 
tor in relation to the last denominator. Hence the fractions, of which i B 
the sum, arc If, ■ft- n»»«i ft* 

It is notioeable here that tho numerators successively found out thusbeoome 
t he required numerators in relation to the given denominators in the order in 
which they are given. 

Algebraically also, given the denominators n , 1 A c, in respect of 3 fractious 
hex + (a: + 1) ac + (* +.2) ab 

whose Bum is . , the numerators r, x + 1 and 

uOC 

4 + 2 are easily found out by the method as given above. 

75. In working out un example according to the method stated herein, it 
will bo found that when there aie a fractions, there are, after leaving out 
tho first', and the last' fractions, >«’ - 2 terms in geometrical progression with £ ns 
the first term and J us t ho common ratio. The sum uf these « - 2 terms is 


i (l -(!)”-=] 


which when reduced becomes i - J. which is the same 
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three, tho first aiul the last (denominators so obtained i being 
(however) multiplied (again ) by 2 and y ( respectively h 

Examples in Must ration thereof . 

7(>. The sum of five or six or seven (ditferout fractional) 
quantities, having l fof (ouch of) their numerators, is l (in each 
case).*- 0 you, who know arithmetic, say what tho (required) 
denominators are. 

The rule for finding out the denominators in the ease of an 
uneven number (of fractions) : — 

77. When the sum of tbo (different fi actional) quantities, having 
one for each of their numerators, is one, the (required) denominator 
are such as, beginning with two, go on \ successively i rising in value 
by one, each (such denominator) being (further) multiplied by that 


„„ i * v From thin it is clear that, win n tho first fraction ft ml 

UK -■ * X 

the last fraction are added to this lust, result, the sum heooineu 1. 

3 W 

In thin connection it may be noted that, in a Berios in geometrical prograatrfon 
consisting of n terms, haring -- ax the first term and - a* I lie common ratio, (In* 

sum is, for all positive integral values of a, lens than ^ _ j by — ^ y the 

a 

(n + l)th terra in the scries. Therefore, if we add to the sum of tho series in 
geometrical progression ~ ; 1 * the (ti + 11th term, which is tho lust fraction 


according to the rule stated in t his stanza, we get f _ j- To this ^ j, we 

a — 2 . a - 2 

have to add a j in order to get I as the snm. This ^ j is mentioned in the 


rulo as the first fraction, and so 3 is tin- caltie chosen for a, since the numerator 
of all the fractions has to be 1. 

11 I 1 


77. Here note: + „ t . -r . 

2 x J x { 3x4x1 4 x 5 x 


(n-l)nx » 


« x J 


x 3 3 x 4 4 


+ n(» - 1) f 


} 


-{.4 

= i) ♦ l ] 


— 2 x * s 1 . 
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(number) which is (immediately) next to it (in value') and then 
haired. 

The rule for arriving at tho (required) denominators (in the 
oase of certain intended fractions), when their numerators are 
(each) one or other than one, and when life (fraction constituting 
their) sum has one for its numerator : — « 

78. When the sum (of certain intended fractions) has one for 
its numerator, then (their required denominators are arrived at by 
taking) the denominator of the sum to be that of the first 
(quantity), and (by taking) this (denominator) combined with its 
own (related) numerator to be (the denominator) of the next 
(quantity) and so on, and then by multiplying (further each such 
denominator in order) by that which is (immediately) next to it, 
the last (denominator) being (however multiplied) by its own 
(related) numerator. 

Examples in illustration thereof. ♦ 

79. The sums (of certain intended fractions) having for their 
numerators 7, 9. 3 and 13 (respectively) aro (firstly) 1, (secondly) 
£ and (thirdly) J. Say what the denominators (of those fractional 
quantities) are. 

The rule forarriviug at the denominators (of certain iutendod 
fractions) having one for their numerators, when tho sum (of those 
fractions) lias one or (any quantity) other than one for its 
numerator : 

78. Algebraically, if the sum is nnd a, b, r, and d are the given numerators, 

the fvaotions summed up are as below : 

II b c 

ti (h + a) (u + «) (u + a + l>) + (« + a + 6) (it + a + 6 + c) * 
d 

d (n + a + b + r ) 

fl (u + a + b) + bn c + * + a + 6 

n {u + (fj (m + a + b) + (m + a + f>) (n + a + 6 + c) 

(n + a) (a + b) 1 

*“«(«+ a) (n + « + b) + n + a + l> 
a •» b + n 1 

* n (« + a + n' 
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80. The denominator (of the givon sum), when oombined with 
an optionally chosen quantity and then divided by the numerator 
of that sum so as to leave no remainder, becomes the denominator 
related to the first numerator (in the intended series of fractions) ; 
and the (above) optionally chosen quantity, when divided by this 
(dendrtiinator of the first fraction) and by the denominator of the 
(given) sum, gives rise to (the sum of) the remaining (fractions in 
the series). From this (knowu sum of the remaining fractions in 
the series, the determination) of the other (denominators is to be 
carried out) in this very manner. 

Example* in illustration thereof. 

81. Of three (different) fractional quantities having 1 foroaoh 
of their numerators, the sum is J ; and of 4 (suoh other quantities, 
the sum' is) f Say what the denominators are. 

The rufe for arriving at the denominators (of certain intendod 
fraotions) having cither one or (any number) other than one for 
their numerators, when the sum (of those fractions) has a numerator 
other than one : — 

82. When the known numerators are multiplied by (certain) 
chosen quantities, so that the sum of these (products) is equal to 
the numerator of the (given) sum (of the intendod fractions), then, 
if the denominator of the sum (of tho intended fractions) is 
divided by the multiplier (with which a givon numerator has) itself 
(been multiplied as above), it gives rise to tho requirod denominator 
in relation to that (numerator). 


80. Algobraioally, if ° is tho Bum, tho first fraction is 


and tho Bum 


of tho remaining fraction* is 

optionally chosen quantity. 

A 1 


mentioned in the rolo to be n + p ’where pi* the 


This — is obtained obviously by simplifying 

n + P n 


n * + P - 

Wo maH ben give nch a toIm to t th»t n + v become oMctly diTfaiblo bj «. 
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Examples in illustration thereof. 

83. Say what the denominators are of three (different fractional) 
quantities each of which has 1 for its numerator, when the sum 
(of those quantities) is ff . 

84. Say what the denominators are of three (fractional quanti- 
ties) which have 3, 7 and 9 (respectively) for their numerators, 
when the sum (of those quantities) is Jf . 

The rule for arriving at the denominators of two (fractional) 
quantities whioh have one for each of their numerators, when the 
sum (of those quantities) has one for its numerator : — 

85. The denominator of the (given) sum multiplied by any 
ohosen number is the denominator (of one of the intended fractional 
quantities) ; and this (denominator) divided by the (previously) 
chosen (number) as lessened by one gives rise to the other 
(required denominator). Or, when in relation to the denominator 
of the (given) sum (any cho'sen) divisor (thereof) and the 
quotient (obtained therewith) are (each) multiplied by their sum, 
they give rise to the two (required) denominators. 

Examples in illustration thereof. 

86. Tell me, 0 you who know the principles of arithmetic, what 
the denominators of the two (intended fractional) quantities are 
when their sum is either $ or ^ 

Tho first rule for arriving at the denominators of two 
(intondod fractions) whioh have cither one or (any number) other 


85. Algebraically, when ' i« the mm of two intended fractions, the fraction* 
according to tbi» rule are ami where p is any chosen quantity. It will 


P-1 


be aean at once that the sain of these two fraotions is 

M 

Or, when the *om is the fractions may be taken to be --- -- * n d 

o(a + &) 

1 

Keor 
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than one for their numerators, when the sum (of thoso fractions) has 
either one or (any number) other than one for its numerator : — 

87. (Either) numerator multiplied by a chosen (number), than 
oombined with the other numerator, thon divided by the numerator 
of the (given) sum (of the intended fractions) so as to leavo no 
remainder, and then divided by the (above) ohosen number and 
multiplied by the denominator of the (above) sum (of the intended 
fractions), gives rise to a (required) denominator. The denomi- 
nator of the other (fraction), howover, i*b this (denominator) 
multiplied by tho (above) chosen (quantity). 


Examples in illustration thereof. 

88. Say what the denominators arc of two (intended fractional) 
quantities which have 1 for each of their numerators, when tho sum 
(of those fractional quantities) is either J or ij ; as also of two 
(othor fractional quantities) which have 7 and 9 (respectively) for 
(their) numerators. 

The second rule (is as follows) : — 

. Tho numerator (of one of tho intended fractions) at 
m\ .plied by the denominator of the sum (of tho intended 
fractions), wheu oombined with the othor numerator and then 
divided by the numerator of the sum (of the intended fractions), 
gives rise to the denominator of one (of the fractions). Thii 
(denominator), when multiplied by the denominator of tho sum 
(of the intended fractions), becomes the denominator of the othor 
(fraction). 


87. Algebraically, if ~~ is t I ju sum of two intended fractions with a and b 

us their numerators, then the fractions aro — und a l + n * where p 

* _x x • x n 

rn p m p 

is any number so chosen that ap + b is divisible by The sum of the so fractions, 

. m 

it will be found, is — . 

n 

80. This rulo is only a particular case of the rule given in etnnta No. 87, as 
the denominator of the sum of the intended fractions is itsolf suhsl iiulnd in this 
rule for the quantity to be chosen in the previous rule. 
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. Examples in illustration thereof ; 

90. 0 friend, tell me what the denominators are of two (frac- 4 
tional) quantities which have 1 for each of their numerators, 
when the sum (of those intended fractions) is as also of (two 
other intended fractions) which have 6 and 8 (respectively) for 
(their) numerators, 

. 91. The sum of £, and ^ is 1. When ^ is left out here, 
what two (fractions) having 1 (for each of their numerators) have 
to he added (instead so as to give tLe same total) ? 

92. The sum of } and ^is 1. If ^ is left out here, 
what two (fractions) having 7 and 11 for their numerators should 
be added (instead so as to give the same total) ? 

The rule for arriving at the denominators (of a number of 
intendod fractions) by taking (them) in pairs: — 

93. After splitting up tho sum (of all the intended fractions) 
into as many parts having one for each of their numerators as 
there are (numbers of) pairs (among the given numerators), these 
(parts) are taken (severally ) as tho sums of the pairs ; (and 
from them) the (required) denominators are to be found out in 
accordance with tho rule relating to two (such component 
fractional quantities) . 

Examples in illustration thereof. 

94. What are tho denominators of (those intended) fractions 
whose numerators are 3, 5, 13, 7, 9 and 1 1 , when the sum of (those 
fractional) quantities is 1 or j ? 

The rule for arriving at (a number of) denominators, with 
the help of the denominators that have one as (their corresponding) 
numerators and aro arrived at according to one of the (already 
given) rules (for finding out tho denominators), as also with the 
help of the denominators that have one as (their corresponding) 
numerators and aro arrived at according to any other of those 


93. The rules relating to two fractional quantities hare been given in stanzas 
86, 87 and 89. 
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rales, when the sum (of all the intended fractions) is one ; and also 
(the rule) for getting at (the value of) the part that is left out : — 

9o. The denominators derived in accordance with (any) ohosen 
rule, when (severally) multiplied by the denominators derived in 
accordance with another rule, become the (required) denominators. 
The sum (of all the fractions), diminished by the sum of the 
specified part (thereof), gives the measure of the optionally left- 
out part. 

Examples in il lustration thereof. 

96. The number of fractions (obtained) by rule Xo. 77 is 13, 
and 4 (is obtainod) by rule No. 78. AVhen the sum (of the 
fractions arrived at with the help of these rules) is 1, how many 
are tho (component) fractions ? 

97. Tho number of fractions (obtained) by rule No.78 is 1, 
and 3 (is obtained) by rulo No. 77. When the sum (of the frac- 
tions arrived at) with the help of these (rules) is 1, how many are 
tho (component) fractions ? 

98. Certain fractions are given with 1 for each of their numer- 
ators, and 2, 6, 12 and 20 for their respective denominators. The 
(fifth fractional) quantity is hero left out. The sum of all (those 
five) beiug l, what is that (fractional) quantity (which is left 
out) P 

Hero end Simple Fractions. 


Compound and Complex Fractions. 

Tho rule for (simplifying) compound and complex fraction*: — 

99. In (simplifying) compound fractions, tho multiplication of 
the numerators (among themselves) as Veil as of the denominator* 
(among themselves) shall be (tho operation). In tho operation (of 
simplification) relating to complex fractions, tho denominator of 
(the fraction forming) tho denominator ( becomes) tho multiplier 
of the number forming the numerator (of tho given fraction). 


99. Tho co.nplex fraction here dealt with in of t h«* •oil which h«» an integer * 

fnr *Vin nnmiiMfnr and a frunt.iAii fnr tllA Hf>mminat.(ir. 
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Examples in compound fractions. 

100 to 102. To offer in worship at the feet of Jina, lotuses, 
jasamines, k&takh and lilies were pnrchased in return for the pay- 
ment of 4 of l, 4 of 4, 4 of 4 of 4, 4 of 4 of 4, 4 of 4 of 4, 4 of 
4 of 4, 4 of 4 of 4 of 4, 4 of 4 of 4 of 4 of 4, 4 of 4 of 4 of 4, 
and 4 of 4, of a pana, .Sum up these (paid quantities) and* give 
out the result. • 

103 and 104 . A certain person gave (to a vendor) 4 of 1 , 
4 of 4 of 4, 4 of -J, | of and f of 4, (of a pana) out of the 2 
pams (in his possession), and brought fresh ghee for (lighting) the 
lamps in a Jina temple. O friend, give out what the remaining 
balanoe is. 

105 and 100 . If you have taken pains in connection with 
compound fractions, give out (the resulting sum) after adding these 
(following fractions) f of 4, y of 4, of fa 4 of 4, 7 f r of 4 
and 4 of | of 4. 

The rule for finding out the one unknown (element common 
to each of a set of compound fractions whose sum is given) t — 

107 . The given sum, when divided by whatevor happens to bo 
the sum arrived at in accordance with the rulo (mentioned) bofore 
by putting down one in the place of the unknown (element in the 
compound fractions), gives rise to the (required) unknown (element) 
in (the summing up of) compound fractions. 

An example in illustration thereof. 

108 . The sum of 4, \ of J, 4 of 4 » 4 °f i of 4 » a certain 
quantity is 4 * What is this unknown (quantity) ? 

The rulo for finding out more than one unknown (clement, 
one suoh occurring in eaoh of a set of compound fractions whose 
sum is given) 

109 . Make the unknown (values of the various partially known 
compound fractions) to he (equivalent to) suoh optionally chosen 

lOO. 'this rtile will be clear from the following working of the problem given 
in stafaia No. 110 

Splitting up i, tho train of the intended fractions, into 3 fraotionn according 
to rule No. 78, we get l, 1 and 4 Making these the values of the thm 
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quantities, as, (being equal in number to the given oorapound frac- 
tions), have their sum equal to the given sum (of the partially 
given compound fractions) : then, divide these (optionally chosen) 
values of the unknown (compound-fractional) quantities by (their) 
known (elements) respectively. 

• 

An example in illustration them /. 

110. (The following partially known oorapound fraotions, viz,*) 
i of a certain quantity, $ of | of another (quantity), and £ of 
i of (yet) another (quantity givo rise to) J as (their) sum. What 
are tho unknown (elements here in respect of these compound 
fraotions) ? 

Examples in complex fractions. 

HI (Given) j, | and say what the sum is when these 
are added. 

112. After subtracting and also $ and 4, f/om i), give out 
the remainder. 5 J 

Thus end Compound and Complex Fractions. 


• Bhayanubandha Fraction*. 

The rule in respect of tho (simplification of) Bhaganuttandha 
or associated fractions : — 

113. In the operation concerning (tho simplification of) the 
Bhagdnubandha class (of fractions), add tho numerator to tho 


partially known compound fraction*, wo divide them in order by i, f of j, and | 
of } respectively. The fractious thus obtained, vir„ J, and 5, are the quantities 
to be found out. 

118. Bhdganubandha literally means an associated fraction This rule contem- 
plates two kinds of associated fractions. The first is wbat is known as a mixed 
number, i.e., a fraction associated with an integer. The second kind consists of 
fractions assooiated with fractions, e.g., f associated with }, f associated with 
its own 4 and with £ of this associated quantity. The expression “ i associated 
with | ” means *- + 4 °f 4* The meaning of the other example here Is | -f- i of * 
4 + 1 of (4+4 of 4). This kind of relationship is what is denoted by association 
jn additive consecution. 
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(product of the associated) whole number multiplied by the 
denominator. (Whon, however, the associated quantity is not 
integral, but is fractional), multiply (respectively) the numerator 
and denominator of the first (fraction, to which the other fraction 
ia attached) by the denominator combined with the numerator and 
by the denominator (itself, eff this other fraction). * 

Examples on Bhflganuhandha fractions containing associated 
integers. 

114. Niskas 2, 3, 6 and 8 in number are (respectively) associa- 
ted with j\y 4 and f. 0 friend, subtract (the sum of these) 
from 20. 

115. Lotuses were purchased for 1J, camphor for 10|, and 
saffron for 2J (niskas). What iB (their total) value when added ? 

116. 0 friend, subtract from 20 (the following) 8f, 6J, 2^ 
and 3f . 

117. A. porson, after paying 7£, 8{, 9} and 10| mdsas , offered 
in worship in a Jina temple, garlands of blooming kuravakay kunda , 
jdti and malli flowers. 0 arithmetician, tell me quickly (the sum 
of thoso mdsas) after adding them. 

Examples on Bhflgiinubandha fractions containing associated • 
fractions. 

118. (Here) 4 is associated with its own 4 and with } (of this 
associated quantity) ; and | also (is similarly associated) ; | is asso- 
ciated with its own 4 and with J (of this associated quantity). 
What is the value when these are (all) added ? 

119. For the purpose of worshipping the exalted Jinas a 
certain person brings — flowers (purchased) for 4 (niska) associated 
(in additive consecution) with fractions (thereof) commencing 
with 4 and ending with 4 (in order) ; and scents (purchased) for 
4 (nipka) associated (similarly) with i, J, | and 4 (thereof) ; 
and inoensc (purchased) for 4 (niska) associated (similarly) with 
J, J and 4 (thereof) ; what is the sum when these (niskas) are 
added ? 
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120. 0: friend, subtract (the following) from 3 : } associated 
with J of itself and with of this (associated quantity), J associated 
i an d j °f itself (in additive conseoution), £ (similarly) 
associated with (fractions thereof) commencing with £ and onding 
with and -J- associated with l of itself. 

12.1. 0 friend, you, who have a thorough knowledge of Bhaga- 
nuhandho , give out (the result) after adding ) associated with J of 
itself, T V associated with \ of itself, \ associated with j of itself, 
£ associated with ?, of itself, and £ associated with J- of itself. 

Now the rule for finding out the one unknown (elorncnt) at 
the beginning (in each of a number of associated fractions, their 
sum being given): — 

122. The optionally split up parts oftho (given) sum, wliioh 
are equal (in number) to the (intended) component elements 
(thereof), when divided in order hv tho resulting quantities arrived 
at by taking one to be the associated quantity (in relation to these 
component elements), give, rise* to the value of tho (required) 
unknown (quantities in association). 


'Example* in Must ration 1 hereof. 

123. A certain traction is associated with J, J ai.d J of itself 
(in additive consecution); another (is similarly associated) with 
l, } ; and J of itsolf ; and another (again is similarly associated) 
with ij, l and \ of itself ; the Mini of these (three fractions ho asso- 
ciated) is 1 : what are these fractions ? 

124. A certain fraction, when associated (as above) with J, J, 

J and l of itself, becomes J. Toll me, friend, quickly the measure 
of this unknown (fraction). , 


122. This rule ill lu* clear from the working of example No. 123 uh explained 
below : — 

There are three peta of fraction* given , and uplifting up themim, 1, info three 
fractions according to rule No. /•>, we g« i * sttid Ily dividing thenc fraction* 
by the quantities obtained by Nimplilying the three given not* of fraetj r>n» 
wherein I i* assumed at* the* unknown quantity, we obtain £, ,{ and |\, , whi< lr are 
the required quantitic*. 

9 
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The rule for finding out any unknown fractiok m other 
required places (than the beginning) : — 

125. The optionally split up parts of the (given) sum, when 
divided in order by the simplified known quantities (in the 
intonded Bhdgdmbandha fractions), and (then) diminished by 
one, become the unknown (fractional quantities) in the required 
places of our choice. 

Thus ends the Bhdgdmbandha class (of fractions). 

BJuiffapavaha Fractions. 

Then (comes) the rule for the (simplification of) Bhagapavaha 
(or the dissociated) variety (in fractions) : — 

12b. In the operation concerning (the simplification of) the 
Bhagapavaha class (of fractions), subtract the numerator from the 
(product of the dissociated) whole number as multiplied by the 
denominator. (When, however, the dissociated quantity is not 
integral, but is fractional,) mulitiply (respectively) tbe numerator 
and the denominator of the first (fraction to which the other 
fraction is negatively attached) by tho denominator diminished 
by the numerator, and by the denominator (itself, of this other 
fraction). 

Examples on Bhagapavaha fractions containing dissociated 
integers. 

127. Harms 3, 8, 4 and 10, diminished by }, ^ and J of a 

karsa, aro offered by certain men for tho worship of thihankaras. 
What is (the sum) when they arc added ? 


126. Tho method given in this rulo is similar to w hat, is explained under stanza 
No, 122 : only the results thus obtained have to be, in this ease, each diminished 
by one. 

120. Bhagapavaha literally moans fractional dissooiat ion- As in Bhaganu- 
bandha , there are two varieties here also* When an integer and a fraction are 
in Bhagapavaha relation, the fraction is simply subtracted from the integer. 

Two or moro fractions may also bo in such relation, ub for example, dissoci. 
ated from j, of itself or J dissociated from J, and * of itself. It is meant hero 
that \ of * is to bo subtracted from £ in the ilrst example ; and tbe second examplo 

oomc. tof-Jof ?— i of (f— i of ?)-! of.[ f-iof f-l of (f- { off)] . 
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or 

128. Tell me, friend, quickly tho amount of the money remain- 
ing after subtracting from 0 X f of it, (the quantities) 9, 7 and 9 
as diminished in order by J, \ and g. 

Examples on Bhugapavaha fractions containing dissociated 
fractions. 

129. Add |, }, I, J and j which are (respectively) diminished 
by}, J, J, J- and J of themselves in order; and ((hen) give out 
(tho result). 

130. (Given) ‘j of a, pan a diminished by J, J. J and , l 0 of 
itself (in consecution); ^ (similarly) diminish(‘d by J, J and ^ of 
itself; £ (similarly) diminished by J, g and J of itself; and another 
(quantity), viz., J diminished by j of itself— when these are (all) 
added, what is the result ¥ 

131. If you have taken pains, 0 friend, in relation to Bhagd- 
pavdha fractions, give out the remainder after subtracting from 1} 
(the following quantities): J diminished (in consecution) by j, ] 
and J- of itself; also £ (similarly) diminished by J, } and j of itself; 
and (also) \ (similarly) diminished by J and J of itself. 

Here, the rule for finding out tho (ono) unknown element at tho 
beginning (in each of a number of dissociated fractions, their sum 
being given) 

132. Tho optionally split up parts of t In* (given) sum which are 
equal (in number) to the (intended) component elements (thereof), 
when divided in order by tin* resulting quantities arrived at by 
taking one to be the dissociated quantity (in relation to these 
component elements), give rise to the value of the (required) 
unknown (quantities in dissociation). 

Examples in illustration thereof . 

133. A certain fraction is diminished (in consecution) by {, £ 
and l of itself; another fraction is (similarly) diminished by J, * 
and \ of itself; and (yet) another is (similarly) diminished by {, 


132. The working is aimilar to what haa boon explained under ataoxa No. 122. 
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■J and J of itself. The sum of those (quantities so diminished) is 
What are the unknown fractions here ? 

134. A certain fraction, diminished (in consecution) by 

^ and \ of itself, becomes J. 0 you, who know the principles of 
arithmetic, what is that (unknown) fraction ? 

The rule for finding out any unknown fraction in other reejuirod 
places (than the beginning) : — 

135. The optionally split up parts derived from the (given) 
sum, when divided in order by the simplified known quantities (in 
the intended Bhdgdpavdha fractions), and (then) subtracted from 
one (severally), become the unknown (fractional quantities) in the 
(required) places of our choice. 

Thus ends the Bhdgdpavdha variety of fractions. ' 

The rule for finding out the unknown fractions in all tho 
places in relation to a Bhdgdnubandha or Bhdgdpavdha variety of 
fractions (when their ultimate value is known) : — 

136. Optionally choose your own desired fractions in rolation 
to all unknown places, excepting (any) one. Then by means of 
tho rules mentioned beforo, arrive at that (one unknown) fraction 
with the help of theso (optionally chosen fractional quantities). 

Examples in illustration thereof. 

137. A certain fraction combined with five other fractions of 
itself (in additive consecution) becomes J ; and a certain (other) 
fraction diminished (by five other fractions of itself in consecution) 
becomes 0 friend, give out (all) those fractions. 


135. This rule is similar to the rulo already given in stanza No. 125. 

136. The previous rules hero intended are those given in stanzas 122, 125, 132 
and 135. 

137. In working out the first case in this example, choose the fractions j;, J, 

i and l in places other than the beginning ; and then find out, by the rule givon 
in stanza 122, tho first fraction which comes to be i. Or choosing *, £, J, and $, 

find out the fraction left out in a place other than the beginning in accordance 
with tho rule given in stanza 125 ; the result arrived at is Similarly, the second 
cue whioh involves fractions in dissociation can be worked out with the help of 
the rules given in stanzas 132 and 135. 
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Bhiujamutv Fractions. 

The rule for (the simplification of) that class of fraotions 
which contains all the foregoing 1 varieties of fractions : — 

138, In tho ease of tho Blnhjamdtr class of tractions (or that 
class of fractions which contains all tho foregoing varieties), tho 
respective rules pertaining to the (different.) varieties beginning 
with simple fractions (hold good). It, *>., Bhfvjamdtr , is of 
twenty-six kinds. 

One is (taken to he) the denominator (in the ease) of a quantity 
which has uo denominator. 

Example .* in illustration thereof . 

139 and MO. (Given) >; J; } of } ; J of | ; 5 ; J ; U 5 U ; i 

f, Tgociated with J, o f itself; then 3 associated with of itself, 1 
diminished by J ; 1 diminished by 1 , 0 ; | diminished bv j, of itself ; 
and l j diminished by ^ of itself : after adding these according to 
the rules which are strung together in the manner of a garland of 
blue lotuses made up ot fractions, give out, 0 friend, (what tho 
result is). 

y 

Thus ends tho Bhdtjamdtr variety of fractions. 

Thus ends +’ ' second subject of treatment known as 
Fractions ' .jarasangraha which is a work on 
arithmetic b> Mahaviracarya. 

13S. Tin* twenty-six varieties lu re mentioned are Mhsgit, I’rsl.haga, HliAga.- 
bhaga, BhftgAnufcandhn. and Hh'igipavfd.u, in combinations of two, I l.ree, four or 
five of these at a time ; such a*, tbe variety in which IH.r.gn and I'.ahhftgft arc 
mixed, or lll.aga and UhagahhAga are mixed, and no on. The number of varieties 
obtained bv mixing two of them at a time in Hi, by mixing three of them at, a 
time is 10, and by mixing four »»f them at a lime is 5, and by mixing all of them at 
a time is 1 ; so there are 2b varieties. The. example given in stanxa UI5* belongs 
to this last, mentioned variety of Bhsgamatr in which all the five simple varieties 

are found. 

139 The word utp'ilamaltkd, which oonirs in this stanza, means a garland of 
blue lotuses, at the same time that it happens to bo the name of the metro m 
which tho stanza is composed. 
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CHAPTER IV. 

MISCELLANEOUS PROBLEMS (ON FRACTIONS). 

The Third Subject of Treatment. 

1. After saluting the Lord Jina, Mahilvira, whose collection 
of infinite attributes is highly praiseworthy, and who vouchsafes 
boons to (all) the three worlds that worship (him), I shall treat of 
miscellaneous problems (on fractions). 

2. May Jina, who has destroyed the darkness of unrighteous- 
ness, and is the authoritative exponent of the sydthdda , and is the 
joy of learning, and is the great, disputant and the best of sages, 
bo (ever) victorious. Hereafter we shall expound the third subject 
of treatment, viz., miscellaneous problems (on fractions). 

3. There are theso ten (varieties in miscellaneous problems on 
fractions, namely), Bhdgu, Sdstt , Multi y fiesouuulct, the tw r o varieties 

3, The llhdja variety consists of problems wherein is given I be numerical 
valuo of the portion remaining after removing certain specified fractional parts of 
the total quantity to be found out. The fractional parts removed are each of 
thorn called a bhdja, and fcho numerical value of the known remainder is termed 
dpya. 

The 8 -a variety consists of problems wherein the numerical value is given 
of the portion remaining after removing a known fractional part of the total 
quantity to bo found out as also after removing certain known fractional parts 
of the successive si as or remainders. 

The Mill a variety consists of problems wherein the numerical value is given 
of the portion remaining after subtracting from the total quantity certain 
fractional part s thereof as also a multiple of the square root of that total quantity. 

The SiHimdla variety is the same as the mula variety with this difference, 
vi*., the square root here is of the remainder after subtracting the given 
fractional parts, instead of being of the whole. 

The Dvira>jia-s >amuln variety consists of problems wherein a known number 
of t.hingH is tlrst removed, then some fractional parts of the successive remainders 
and then some multiple of the square root of the further remainder are removed, 
and lastly the numerical value of the remaining portion is given. The known 
number first removed is called j urvdgra. 

In the A^iamtVn variety, a multiple of tho square root of a fractional part 
of the total number is supposed to bo first removed, and then the numerical 
value of the remaining portion is given. 
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Dvirayra&m m u la and Am*amuh, and then J Bhag&bjyaMt, then 
Ariisararga , Muhtnura and Bhinnadt *ya. 

The rule relating to the Bhdga and the fea varieties therein, 
(«>., in miscellaneous problems on fractions). 

4. In the operation relating to the Bhdga variety, the (required) 
rosult .is obtained by dividing the given quantity by one as 
diminished by the (known) fractious. In the operation relating to 
the stm variety, (the required result) is the given quantity divided 
by tin product of (the quantities obtained respectively by) sub- 
trading the (known) fractions from owe. 

% 

Exmnph'H in the Bhdga variety. 

5. Of a pillar, { part was seen by me to bo (buried) under the 
ground, J- in water, \ in moss, and 7 has fas ^thereof was free) in 
the air. What is the '^length of the) pillar ? 


In the f%, (tUiij<i>a or Jlid.jimiotrarja variety, the numerical value i« given of 
the. portion remaining aft «*r removing from the whole i he product. nr products of 
certain fractional parts of the whole taken two bj two. 

The yl ii’Sit iin'ij' 1 variety eoiiHinta nf prolileuiH wherein the nuuierienl value is 
given of the remaimh r after removing fiom the whole the square nl a li actional 
part thereof, thin fractional part being at the Name ( ime mn eased or demeaned 
by u given number. 

The Jfulatnina variety cornual s of problems wlu rcin in given the uumerieul 
Value of the Hum of the square roof of the w huh- when added to the square root, 
of the whole oh increased or diminished hy a given numher ol things. 

| n the Wtihhndfiiia variety, a tract imia! pail of the whole a* multiplied hy 
another fractional part thereof is lemoied from it, and the remaining portion in 
expressed as a fraction of tl~ whole. Here it will he Keen that unlike in the 
other varieties tin* numeric vim. of the last remaining p otion is not actually 
given, hut is expressed iih t M..ct ior: of the whole. 

a 

4. Algebraically, the rule relating to the Hhdija variety in j-- j __ where x i* 

the unknown collective quantity to ho found out, a is the dpi, a or «<»ra, ami b i» 
the bhdja or the fractional part or the mini of the fractional parts given. 

It is obvif » that, this is derivable from the equation jr - Lx ~ n. 

The ruliy la ting to the &■•</ variety, when algehraicHlIy exptciocd, comes in 

xz - _ J' a where f>., L t , L u Ac,, are fmctioniil parts of the 

{i-hf 

■ucoessiv/ emu indent. This formula also in derivable from the equation 
x-b l x~b 2 (x- b t x ) ^ (x-hjx) j ~&e.~a. 
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6. Out of a collection of excellent bees, } took delight in pafati 

trees, in kadamba tree, \ in mango trees, ^ in a campalca tree 
with blossoms fully opened ; 7 * 0 - in a collection of full-blown lotuses, 
opened by the rays of the sun; and (finally), a single intoxicated 
bee has boon circling in the sky. What is the number (of bees) 
in that collection ? r 

7. A certain firfivaka , having gathered lotuses, and loudly 
uttoring hundreds of prayers, offered those (lotuses) in worship, -J- 
of thoso lotuses and L J and J of this (J) respectively to four 
tirthaiikarax commencing with the excellent Jina Vrsabha ; then to 
Sumati \ as well as ^ of this (same ^ of the lotuses); (there- 
after) ho offered in worship to the remaining (19) irrthankaras 
2 lotuses each with a mind well-pleased. What is the numerical 
value of (all) those (lotuses) ? 

8 to 11. There was seen a collection of pious men, who had 
brought their senses under control, who had driven away the 
poison-like sin of karma, who wero adorned with righteous 
conduct and virtuous qualities and whose bodies had been em- 
braced by the Lady Mercy. Of that (collection), ^ was made up 
of logicians; this (-/•>) diminished by ^ of itself was made up of 
the teachers of the true religion; the difference between theso 
two (, namely, ^ and 1 , a — J- of r \j) was made up of those that 
knew the Vedas; this (last proportional quantity) multiplied by G 
was mado up of the preachers of the rules of conduct, and this very , 
same (quantity) diminished by \ of itself was mado up of astro- 
logers ; the difference between these two (last mentioned quantities) 
was made up of controversialists; this (quantity) multiplied by 0 
was mado up of penitent ascetics ; and 9 x 8 leading ascetics were 
(further) seen by me near the top of a mountain with their shining 
bodios highly heated by the rays of the sun. Tell me quickly 
(the measure of this) collection of prominent sages. 

12 to 1G. (A number of) parrots descended on a paddy-field 
beautiful with (the crops) bent down through the weight of the 
ripe corn. Being scared away by men, all of them suddenly 
flew up. One-half of them went to the east, and J went 
to the south-east; the difference hot ween those that went 
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to the east and those that went to the south-east, diminished 
by half of itself and (again) diminished bv tho half of this 
(resulting difference), went to tlu> south ; the difference between 
those that weut to the sout h and those that went to the south-east, 
diminished by | of itself, went to the south-west; the difference 
betweeu those that went to the south and those that went to the 
south-west, went to the west; the differenee between those that wont 
to tho south-west and those that went to the west, together with 
7 of itself, went to tho north-west ; the differenee between those 
that went to the north-west and those that weut to tho west, 
together with l of itself, went to the north ; the sum of those that 
went to the north-west and those that went to tho north, diminished 
by * of itself, went to tho north-east ; and 280 parrots were found 
to remain in the sky (above). How many Men* the parrots 
(in all) ? 

17 to 22. One night, in a month of the spring season, a 
certain young lady . . . was loving!) happy along with her 
husband on . . . the floor of a. big mansion, white like tho 
moon, and situated in a pleasure-garden with (Veen bent down 
with tin* load of the bunches of flowers and fruits, and resonant 
with the sweet sounds of parrots, cuckoos and bees which Mere all 
intoxicated with the honey obtained from the* flowers therein. 
Then on a love-quarrel arising between the husband and the wife, 
that lady’s necklace made up of pearls became sundered ami fell 
on the floor. One-third of that uceklacc of pearls reached the 
maid-servant there; * fell on tho bed; then } of what remained 
(and one-half of what remained thereafter and again { of what 
remained thereafter) and so on, counting six times (in all), fell all 
of them everywhere; and there wen* found to remain (uu scattered) 
1,161 pearls; and if you know (h’w to work) miscellaneous 
problems (on fractions), give out the (numerical) measure of the 
pearls (in that necklncej. 

23 to 27. A collection of bees characterized by the blue color 
of the shining inJramln gem was seen in a flowering pleasure- 


17. Certain hem huv<* not. ln‘i;n conwi<l<T<’d lit for liunuhtio*. 

10 
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garden. One-eighth of that (collection) became hidden in awka 
trees, \ in kufaja trees. The difference between those that hid 
themselves in the kufaja trees and the awka trees, respectively, 
multiplied by f>, became hidden in a crowd of big pdfaU trees. 
The difference between those that hid themselves in the pdtall 
trees and the a*oka trees, diminished by \ of itself became hidden 
in an extensive forest of mla trees. The samo difference, together 
with \ of itself, became hidden in a forest of madhuka trees; \ of 
that whole collection of bees was seen hidden in the vakula trees 
with well-blossomed llower-buds; and that same part was found 
hidden in tilnka , kuravaka , mrala and mango treos, and on collec- 
tions of lotuses, and at the base of the temples of forest elephants; 
and 83 (remaining) bees were seen in a crowd of lotuses, that were 
variegated in color on account of the large quantity of (their) 
lilaments. Give out, 0 you arithmetician, the (numerical) 
measure of that collection of bees. 

‘28. Of a herd of cattle, ] is on a mountain ; J of that is at tho 
base of the mountain ; and (5 more parts, each being in value half 
of what precedes it, are found together in an extensive forest, and 
there are (the remaining) 32 cows seen in the neighbourhood of 
a city. Toll mo 0 you my friend, the ( numerical) inoasure of that 
herd of cattle. 

Here end tho examples in the Bhdi/a variety. 

Hxa in pips in (he variety. 

20-30. Of a collection of mango fruits, the king (took) { ; 
tho queen ^took) i of the remainder, and three chief princes took 
A , *• and J (of that same remainder) ; and the youngest child took 
the remaining three mangoes. 0 you, who are clever in (working) 
miscellaneous problems on fractious, give out. the measure of that 
(collection of mangoes). 

31. One-seventh of (a herd of) elephants is moving on a 
mountain ; portions of the herd, measuring from \ in order up to 

in the end, of every successive remainder, wander about in a 
forest ; and the remaining (> (of them) arc seen near a lake. How 
many arc those elephants ? 
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Of (the contents of) a treasury, one man obtained 
part; others obtained from g in order to in the end, of the 
successive remainders; and (at last) 12 puninax were seen bv me 
(to remain). What is the (numerical) measure \of the puranas 
contained in the treasury) \ 

Here end examples in the Sr.sa vurieiv. 

The rule relating to tin* Mfila variet y t.of miseellaneous prob- 
lems on fractions) 

33. Half of (the coefficient of: the square root - of the unknown 
quantity) and (then) the known remainder should be (each) divided 
Ivy one as diminished by the fractional (coefficient of the unknown) 
quantity. _ The square root of the isum of the) known remainder 
iso treated), as combined with the square mf the coefficient) of the 
square root *of the unknown quantity dealt with ns above), and 
(them associated with (the similarly treated eoellicienf of) the 
square root (of the unknown quantity), and ithoroajtor! squared ias 
a whole, gives rise to the (required unknown i quantity in this 
mula variety (of miscellaneous problem^ on fractions). 

Ext hirfiit’.s in tl/ufifni/toii f hereof. 

31. One-fourth of a herd of camels was seen in the forest ; 
twice the square rool tol that herd) had gone. on to mountain- 
slopes ; and 3 times 5 camels (were), however, (found) to remain on 
the hank of a river. What is the (numerical) measure of that, 
herd of camels 'f 

35. After listening to the distinct sound caused by the drum 
made up of the series of clouds in the rainy season, ,' rt and J (of a 
collection) of peacocks, together with ' '«f the remainder and ,) of 
the remainder (thereafter), gladdened with joy, kept on dancing on 


33. Algebraically cxprctwed, thin rn cuiiich to 



* f 



Oni in eanily nl;Um«d (rein • lio 


equation r — (bs + c V* + a> — 0. Chin equation in the algebraical ex|ireanion ol 
problem* of this variety, rlere e *tandn for the coefficient of flic iquaro root 
of the unknown quantity to be found out. 
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tho big theatre of tho mountain top ; and 5 timeB the square root 
(of that collection) stayed in an excellent forest of vakula trees; 
and (the remaining) 25 wore seen on a punndya tree. 0 arith- 
metician, give out after calculation (the numerical measure of) 
tho collection of peacocks. 

•36. One-fourth (of an unknown number) of sdram birds 
is moving in the midst of a cluster of lotuses ; £ and j parts 
(thereof) as well as 7 times the square root (thereof) move on a 
mountain ; (then) in iho midst of (some) blossomed vakula trees 
(tho remainder) is (found to be) 56 in number. 0 you clever 
friend, tell me exactly how many birds there are altogether. 

67. No fractional part of a collection of monkeys (is distributed 
anywhere) ; three times its square root arc on a mountain ; and 40 
(remaining) monkeys are seen in a forest. What is the measure 
of that collection (of monkeys) Y 

68. Half (the number) of cuckoos were found on the blossomed 
branch of a mango tree ; and 18 (were found) on a lilaka tree. i\ T o 
(multiple of the) square root (of their number was to be found 
anywhere), (live out (the numerical value of) the collection of 
cuckoos. 

6t). Half of a collection of swans was found in the midst of 
vakula trees ; five times the square root (of that collection was 
found) on the top of ! amain trees ; and here nothing was seen (to 
remain thereafter). () friend, give out quickly the numerical 
nioasuro of that (collection). 

Here ends the Mulct variety (of miscellaneous problems on 
fractions). 

The rule relating to (he S Vyamula variety (of miscellaneous 
problems on fractions). 

40. (Take) the square of half (the coefficient) of the square root 
(of tho remaining part of tho unknown colloctive quantity), and 

40. Algebraically, .r — b.r = j\,+ From this the value 

of x is to bo found out according to rulo 4 given in this chapter. This value of 
x — bx is obtained easily from the equation x — Ar + (c x—bx + a ) = 0. 
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l 

combine it with the known number remaining, and (then extract) 
the square root (of this sum. and make that square root become) 
combined with half of the previously mentioned (coefficient of the) 
square root (of the remaining part of the unknown collective 
quantity). The square of this (last sum) will hore bo the required 
result, when the remaining part (of the unknown eolleetivo quan- 
tity) is taken as the original v collective quantity itself b Ihit 
when that remaining part (of the unknown collective quantity) 
is treated merely as a part., the rule relating to the hhiuja variety 
(of miscellaneous problems on fractions) is to be applied. 


Exnmplt.'i in iUusfrnhon f/wreof. 

41 . Onc-tbird of a herd of elephants and three times the square 
root of the remaining part (of the herd) were seen on a mountain- 
slope; and in a lake was seen a male elephant along with three 
fa in n lo elephants (coiiHt.it.itin- the ultimate rwnuinclcrt. Mow 

many were the elephants hen' ? 

fi to 15 . In a garden licantiiic.l t.y -roves of various kinds of 
trees, in a place free from all living animals, main ascetics wore 
seated. Of them the number equivalent to the square root, of 
the whole collection were practising yoga at the foot of the trees. 
One-tenth of the remainder, the square root (of the remainder 
niter deducting this), i (of the remainder after deducting this), then 
tlie square root (of the remainder after deducting this), J (of the 
remainder after deducting this), the square root (of the remainder 
after deducting this), I (of the remainder after deducting this), 
the square root (of fhe remainder after deducting this , , (of the 
remainder after deducting this , the square root ,oi the ronm.ndei 
after deducting this), i (of the remainder after deducting this), (be 
square root (of the remainder after deducting this)- these parts 
consisted of those who were learned in the teaching of literature, 
in religious law. in logic, and in polities, as also of those who wen 

versed in controversy, prosody, astronomy, magic, .he one and 

-rammar and of those who possessed fhe power derived Iron, the 
h kinds of austerities, as well as of those who possessed a., 
;„r„lli.«nt knowledge of the twelve varieties of the anga-mtra ; ami 
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at last 12 ascetics were seen (to remain without being included 
among those mentioned before). 0 (you) excellent ascetic, of 
what numerical value was (this) collection of ascetics ? 

46. Five and one-fourth times the square root (of a herd) of 
elephants are sporting on a mountain slope ; £ of the remainder 
sport on the top of the mountain ; five times the square root of 
the remainder (after deducting this) sport in a forest of lotuses ; 
and there are 6 elephants then (left) on the bank of a river. 
How many are (all) the elephants here ? 

Here ends the Smamula variety (of miscellaneous problems 
on fractions). 

The rule relating to the tiemnUla variety involving two known 
(quantities constituting the) remainders : — 

47. The (coefficient of the) square root (of the unknown collective 
quantity), and the (final) quantity known (to remain), should 
(both) bo divided by the product of the fractional (proportional) 
quantities, as subtracted from one (in each ease) ; then the first 
known quantity should bn added to the (other) known quantity 
(treated as above). Thereafter the operation relating to the 
fiemmda variety (of miscellaneous problems on fractions is to be 
adopted). 


47. Algebraically, this rule enables us to arrive at the expressions 

, w. t - and . w ,"\v + n o which »ro required to 

(1—0,) (l —A) x Ac. (1—6,) (1 b 2 ) x Ac. 

be substitute.! for c and a respectively in tho formula fur Joamu/a, which is 
( [Tc \ 2 ) 2 

( 2 + \ ( "o ) +0 ) . In applying this formula the value of b 


x — bx - 


becomes aero, as the mnla or square root involved in the dvirajra-*'*amtilu 
is that of the total collective quantity and not of a fractional part of that 

quantity. Substituting as desired, we get * = | -■ ^ ^6,) + 

s/ (2 (1 ' by)(\- b.) x \io.) + (i - »-ij (i- >' • Tllisrc » n "’ 

may easily be obtained from the equation x — — 6, (x — n,) — 6, j^x - 6, 

(x— -a,) j . . . . — c V x — Oj — 0, where 0,, 6 : , Ac., arc, the various 

sfraotiunal parts of the successive remainders ; and op and n : are the first known 
quantity and the final known quantity respectively. 
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. Examples in illustration thereof. 

48. A single bee (out of a swarm of bees) was seen in the sky ; 
£ of the remainder (of the swarm), and j of the remainder ^left 
thereafter), and (again) \ of the remainder (left thereafter), and 
(a number of bees equal to) the square root (of the numoreial 
value of the swarm, wore seen) in lotuses : and two (bees re- 
maining at last were seen) on a mango tree. How many are 
those (bees in the swarm) 'f 

49. Four (out of a collection of ) lions were seen on. a mountain ; 
and fractional parts commencing with ,* and (‘tiding with j of the 
successive remainders (of the collection), and (lions equivalent in 
number to) twice the square root (of the numerical value of tin* 
collection), as also (tho finally remaining) four (lions), were seen in 
a forest. How many arc those (lions in the collection)? 

50. (Out of a herd of deer) two pairs of young female deer 
were seen in a forest ; fraetional parts commencing with \ and 
ending with i of the (successive) remainders (of tho herd were 
seen) near a mountain ; (a number) of them (equivalent to) 
3 times the square root (of the numerical value of the herd) were 
seen in an extensive paddy field; and (ultimately) only ten 
remained on the bank of a lotus-lake. What is the (numerical) 
measure of the herd ? 

Thus ends the faxamula variety involving two known 
quantities. 

The rule relating to the Am*nmula variety (of miscellaneous 
problems on fractions). 

51. Write down (tho coefficient of) the square root (of the 
given fraction of the unknown collective quantity i and the known 
quantitv (ultimately remaining, both of theso) having been 


50. The word Uarun occurring in thin stanza not only moans ‘ a female iloor ’ 
but ia also t, he name of the metro in which tho atiuiza ia ooinpoaH. 

51. AlffobruicaJly stated, this rule holpn u* t > arrive at cb and ah, which an* 
required to ho nubMitutetl for r. and h reMf*.*ctivHv in the formula x b* as 




i the $ oim&ln * 


An pointed out in tint note 
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multiplied by the (given proportional) fraction ; then thfet result 
which is arrived at by means of the operation of finding out (the 
unknown quantity) in the Sewmula variety (of miscellaneous 
problems on fractions), when divided by the (given proportional) 
fraction, becomes the required quantity in the Arnmnuh variety 
(of miscellaneous problems on fractious). 

G 

Another rule relating to the AmmnUla variety. 

52. The known quantity given as the (ultimate) remainder is 
divided by the (given proportional) fraction and multiplied by 
four ; to this the square (of the coefficient) of tho square root (of 
the given fraction of tho unknown collective quantity) is added ; 
then tho squaro root (of this sum), combined with (the above 
mentioned coofficieut of) the squaro root (of the fractional unknown 
quantity), and (then) helved, and (then) squared, and (then) 
multiplied by the (given proportional) fraction, becomes the 
required result. 

Examples in illustration thereof. 

53. Eight times tho square root of J part of the stalk of a lotus 
is within water, and 16 aityidas (thereof are) in the air (above 
water) ; give out the height, of the water (above tho bed) as well 
as of tho stalk (of the lotus). 

54-55. (Out of a herd of elephants), nine times the square 
root of | part of their number, and six times the square root of J 
of the remainder (left thereafter), aud (finally) 24- (remaining) 
elephants with their broad temples wetted with the stream of the 
exuding ichor, were seen by me in a forest. How many are 
(all) the elephants ? 


under stanza 47, x — bx becomes x here also. After substituting as desired, and 
dividing the result by b, we got x-=s + + This value of 

x may be easily arrived at from tho equation *— c bx— u = 0. 

r c 

62. Algebraically stated, x 

l 2 J 

the equation given in the note under the previous stanza. 


► ./«*+£!* 

• V b ^ * |», This is obvioua from 
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56. f'onr times the square root, of { the number of a collection 
of boars went to a forest wherein timers were at play; 8 times the 
square root of t l 0 of the remaimler (of the collection) went to a 
mountain; and 11 times the square root of J- of the (further) 
remainder (left thereafter) went to the bank of a river; and boars 
equivalent in (numerical) measure to 5<> were seen (ultimately! to 
remain (whero they were! in the forest, (live out tho (numerical) 
measure of (all ) those (boars!. 

Thus ends the AihmmTda variety. 

The rulo relating to tho Rhaijasamraraa variety (of miscel- 
laneous problems on fractions) : — 

57. Prom the (simplified) denominator iof the spoeilied 
compound fractional part of the unknown collective quantity), 
divided by its own (related! numerator cilso simplified t, subtract 
four times the pi von known part (of Ihe quantity!, then multiply 
this (resulting difference! by that same (simplified) denominator 
(dealt with as above!. The square r<ft)t (of this product! is to he 
added to as well as . subtracted from that (sumo) denominator (ho 
dealt with!; (then! the half (of either) of those (two quantities 
resulting as sum or difference is the unknown) collective quan- 
tity (required to be found out). 

Exaunpht* in illustration I hereof. 

58. A cultivator obtained (lirst i [ of a hoap of paddy as mul- 
tiplied by (of that same hoap); and (thou) he had 24 valm 
(left in addition). Give out what the# measure of tho heap is. 

59. One-sixteenth part of a collection of peacocks as multiplied 
by itself, (t'.e., by the same ,' rt part of the collection), was found 

fSL The word tnrilulm tkrt'/iia in thin »Un*Ji mean* ‘ tiger* at play,* und 
nt the same line* happen* to l»e the uame ut tie* nietic in which the Manca i* 
composed. _ „ 

. 

, mp \ \mp J !*[> ... , , 

57 . Algebraically stated — ~~ --.and Mils value of * may 

easily bs obtained from the equation — x x - t - //=0, where ™ utul - art i 

nq n f 

the fractions contemplate! in the rule. 

u 
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on a mango tree ; -J of the remainder as multiplied by tfiat same 
({ part of that same remainder), as also (the remaining) fourteen 
(peacocks) were found in a grove of tamdla trees. How many are 
they (in all) Y 

60. One-twelfth part of a pillar, as multiplied by Tf l n - part 
thereof, was to bo found under water ; / 0 of the remainder, as 
multiplied by yV thereof, was found (buried) in the mire (below) ; 
and 20 hadas of the pillar were found in the air (above the water). 
0 friend, you give out tho measure of the length of the pillar. 

Horo ends the Bhdyasamwrya variety. 

Tho rule relating to the Amxowrya variety (of miscellaneous 
problems on fractions), characterised by the subtraction or addition 
(of known quantities) : — 

01. (Take) the half of the denominator (of the specified frac- 
tional part of the unknown collective quantity), as divided by its 
own (rolatod) numerator, and as increased or diminished by tho 
(givon) known quantity which is subtracted from or added to 
(tho specified fractional part of the unknown collective quantity). 
The square root of the squaro of this (resulting quantity), as 
diminished by the square of (the above known) quantity 
to be subtracted or to be added and (also) by the known 
remainder (of tho collective quantity), when added to or sub- 
tracted from tho square root (of the square quantity mentioned 
above) and thou divided by tho (specified) fractional part (of the 
unknown collective quantity), gives tho (required) value (of the 
unknown collective quantity). 

Examples of the minus variety, 

62, (A number) of buffaloes (equivalent to) the square of { 
(of tho wholo lim'd) minus 1 is sporting in the forest. The 

61. Algebraioally, 

+ (£ ±d ) Thi,v " lue 

. , , . , t . I — v -F d \ — # — 0, where d is the 

is obtained from tho equation * ~ l n ) 

given known quantity. 
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(remaining) 15 (of them) are seen grazing grass on a mountain. 
How many aro they (in all) ? 

03. (A number) of elephants (equivalent to) of the herd 
minus 2 , as multiplied by that samo ( of the herd minus 2 ), 
is found playing in a forest of sa-Uaki trees. The (remaining) 
elephants of the herd measurable in number by the square of 0 
aro moving on a mountain. How many (together) are (all) 
these- elephants here ? 

An example of ihe plus variety. 

61. (A number of pen cocks equivalent to) ^5 of thoir whole 
collection plus 2 , multiplied by that same of the collection 
plus 2), are playing on a ja.mlm tree. The other (remaining) 
proud peacocks (of the collection), numbering 2 s X 5, are playing 
011 a mango tree. 0 friend, give out the numerical measure of 
(all) these (peacocks in the collection). 

Hero ends the Ariwtrurga variety characterised by plus or 
minus quantities. 

The rule relating to the Mulmnisrn variety (of miscellaneous 
prohloms on fractions). 

65. To the square of the (known) combined sum (of the squaro 
roots of the specified unknown quantities), the (given) minus 
. quantity is added, or the (given) plus quantity is subtracted - 
(therefrom); (then) the quantity (thus resulting) is divided by 
twice the combined sum (referred to above) ; (this) when squared 
gives rise to the required value (of the unknown collection). In 
relation to the working out of the MuUmiimi variety of problems, 
this is the rule of operation. 


04. Tbo word maltamaijUra occurring in the Minn *u mean* ‘ n proud fM-aeock ’ 
and in also the name of the metro iri which the utan/.a i« eomjo&od. 

-jr f i t 2 

~y . - . J . Thin i» ouyiiy dorivod from tlio agna- 
tion *J» 4* V t — m. The quantity m is hero the known combined turn 
mentioned in the rule. 
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Examples of the minus variety. 

60. On adding together (a number of pigeons equivalent to) 
the square root of the (wholo) collection of pigeons and (another 
number equivalent to) the square root of the (whole) collection as 
diminished by 12, (exactly) 0 pigeons are seen (to be the result). 
What is (the numerical value of) that collection (of pigeon^ Y 

67. Tho sum of two (quantities, which arc respectively 
equivalent to tbei square roots of the (whole) collection of pigfeons 
and of (that same) collection as diminished by the cube of 4, 
amounts to 16. How many are the birds in that collection Y 

An example of the plus variety. 

68. The sum of the two (quantities, which are respectively 
equivalent to the) square root (of the numerical value) of a collec- 
tion of superior swans and (tho square root of that same collection) 
at combined with 68, amounts to 0- — 2. Give out how many 
swans there are in that collection. 

Hero ends the Mulamimi variety. 

The rule relating to the Bhinna<lr*ya variety (of miscellaneous 
problems on fractions) : — 

60. When one, diminished by the (given) fractional remainder 
(related to tho unknown quantity), is divided by the product of 
the (specified) fractional parts (related thereto), the result which 
is (thus) arrived at becomos the (required) answer in working out 
the BhinnadrMja variety (of problems on fractions). 

Examples in illustration thereof . 

70. One-eighth part of a pillar, as multiplied by the ^ part 
(of that same pillar), was found (to be buried) in the sands ; J of 
the pillar was visible (above). Sav how much the (vertically 
measured) length of the pillar is. 


CU. Algebraically atuted, « ~ 




mp 

nq 


This is obvious from th« 


aquation « 
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• 

71. (Elephants equivalent in number to) part of the 
whole herd of elephants, as multiplied by /, (of that sumo hol'd) 
as divided by 2, are in a hnppy condition on a plain. The remain- 
ing (ones forming) J (of the herd), resembling exceedingly dark 
masses of clouds in form, are playing on a mountain. 0 friend, 
you toll me now the numerical measure of the hord of elephants. 

72. (Ascetics equivalent in number to' j 1 p« rt of a collection 
of ascetics, as divided by 3 and as multiplied by that same 

part divided by 3), are living in the interior of a forest ; (the 
remaining ones forming) } part (of f hat collection) art' living 
on a mouutain. O you, who have crossed over to tlio other shore 
of the ocean-like miscellaneous problems on fractions, tell me 
quickly the (numerical) value of that (collection of ascetics). 

Here ends the Bhnnwdr^/a variety. 

Thus ends the third subject of treatment known as 
Prakirnuku in Sarasangraha which is a work on 
arithmetic by Mahaviracarya. 

71. The word yrlhvi occurring in i liift ntan/.a moan* ’ tin* ©ah li \ find i» aluo 
the name of iho metro in which tin* xtunzu in composed. 



30 


ganitasarasangraha. 


CHAPTER V. 

MTLE-OF-THREH. 

The fourth subject of treatment. 

1. Salutation to that blessed Vardhamana, who is like a 
'helpful) relation to (all) the throe worlds, and is (resplendent) 
iko the sun in the matter of absolute knowledge, and has cast off 
the taint of) all the >karmas. 

Next we shall expound the fourth subject of treatment, viz., 
•ulo-of- three. 

The rule of operation in respect thereof is as follows : — 

2. Here, in the rule-of-throe, Phala multiplied by Iccfta and 
lividcd by Pramana, becomes the (required) answer, when the 
fcc/td and the Pramdna are similar, (?.#>., in direct proportion) ; aud 
u the case of this (proportion) being inverse, this operation 
’involving multiplication and division) is reversed, (so as to have 
livisiou in the place of multiplication and multiplication in the 
dace of division). 

Examples relating to the former half of the above rule , i.e., 
on the direct rule-of -three. 

3. The man who in 3| days goes over yojanas — give out 
what (distance) he (goes over) in a year and a day. 

4. A lame man walks over J of a krokt together with £ (there- 
)f) in 7.J days. Say what (distance) he (goes over) in years 
at this rate). 

5. A worm goes in J of a day over j- of an ahgula. In how many 
lays will it reach the top of the Meru mountain from its bottom ¥ 

f>. The man who in 3} days uses up 1} karmpanas— in what 
dme (will) he (use up) 100 puranas along with 1 pana ? 


2. Pramaua and Phala together give the rate, in which Phala is a quantity 
>f the same kind us tho required answer aud Pramdna is of the same kind as lechd. 
This Iccfttf is the quantity u1>out which something is required to be found out at, 
he givon rate. For instance in the problem in stansa 3 here, 3} days is the 
Kranwiwa, Bj{ yoiunas is the Phala t and 1 year and 1 day is the Iccha. 

5. The height of the Ufru mountain fs supposecWto be 99,000 yfyaruit or 
70,032,000,000 ahgula*. 
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7. A good piece of kmtagaru, 12 hash's in length and 3 haslas 
in diameter, is consumed (at the rate of) 1 cubic adguh a dav. 
What is the time required for the (complete) consumption of this 
cylinder? 

8. (If) a mho of very superior black gram, along with 1 (lrotjo ) 
1 adhaka and 1 kvdova (thereof), has boon purchased bv moans of 
10} svarnas y what measure* (may wo purchase of it) by means of 
1 00 J ttvanwK ! 

1). Whore 1{ pah of kunkuwo is obtainable by means of 
purdnas, what measure (of it) may (we obt/iin) there by moons 
of 100 purdnas ? 

10. By means of 7! polos of ginger, 13.J pa nos were obtained ; 
sav, O friend, what (may lx* obtained) in return for *121 pahs 
of ginger ? 

11. Bv means of 4} kdrsapano a man obtains hij palos of 

silver; what (weight does he obtain th(*reof) by moans of 10,000 
karsas ? * 

12. By means of 7* palm of camphor, a man obtains 5 dhwras 
along with 1 Uhdga, 1 mh<a and 1 ko/d. Wlmt (does ho obtain) 
hero by means of 1,000 polos (thereof) Y 

l-‘>. The man who purchases here 0JL polos of ghee hy means 
of 3} ponas --what, (measure of it does he purchase) by means of 
100} karsas ' 

14. By means of 5J pom nos , IfjJ pairs of cloths were obtained. 

0 friend, sav what (number of them may be obtained) by means 
of 61 karsos 

15-10. There is a square well without water, (ciihicftlly) 
measuring 512 hoslas. A hill rises on^its bank; from the top 

7. Here the process of finding not, from the given diameter, the area of the 
cross-section of a cylinder i.i supposed to lie known. ThiH i« f^iv<*n in thesiKlh 
Vyavaluira, in tht; 18th stanza, where (he uiea of a circle in Htiid to he approxi- 
mately equal to the diameter *c|tmre<l and then divided bv \ and multiplied by ft, 

Kfsnagarc is a kind of fragrant wood burnt in fire an incense. 

15-10, Jn thin problem, the* stream of water in an long 4 * the mountain 
is high, so that, hr Roon as it reaches the bottom of the mountain, it im «uppoRed 
to cease to flow at the summit. For finding out the quantity of water in Vaha a, 
etc., the relation between cubical measure and liquid measure should have been 
given. The Sanskrit commentary in t* and the Kanare»e (Ua in H state that 

1 cubic aifgula of water is equal to J k ar fa thereof in liquid measure. 
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thereof flows dowu, (to the bottom ) a crystal-clear stream of water 
having 1 tmifula for the diameter of its circular section, and the 
well becomes quite filled with water within. What is the height 
of the hill, and (what) the numerical value (of the liquid-measure) 
of water ? 

17. A king gave, on (the occasion of) the sahkrdnli, to 0 
Brahmins, 2 dronas of kidney-bean, 9 kudabas of ghee, 6 dronas of 
rice, 8 pairs of cloths, G cows with calves and 3 svarnas. Give 
out quickly, 0 friend, what (the measure) is (of) the kidney- bean 
and the other things given by him (at that rate) to 336 Brahmins. 

Here ends the (direct) rule-of-three. 

Example* on inverse rule-of-three os explained in the fourth pdcUt * 
(of the rule (jiven above). 

18. How much is the gold of 9 varnas for 90 of pure gold, as 
also for 100 gold (Dharanas) along with a yunjd thereof made up 
of gold of 10 • varnas ! 

19. There are 300 pieces of China silk of 6 hast as in breadth 
as well as in length ; give; out, O you who know the method of 
inverse proportion, how many pieces (of that same silk) there are 
(in them, each) measuring 5 by 3 hast as t 

Here ends the inverse rule-of-three. 

An example on inverse double rule-of-three. 

20. Say how many pieces of that famous clothing, each 
measuring 2 hast as in breadth and 3 hast os in length, are to be 
found in 70 (pieces) of ( "hina silk, (each) measuring 5 hastas in 
breadth and 9 hastas in length. 

An example on inverse treble rule-of-three. 

21. Sav bow many images of Tlrthahkaras , (each) measuring 
2 by 6 by 1 hastas, there may be in a big gem, which is 4 hastas 
in breadth, 9 hastas in length and 8 hastas in height. 


17. Saukrdnti is the passive of the turn from one zodiacal sign to another. 

18. Pure gold is here takeu to be of 10 v<irwa.s. 

♦ The reference here is to the fourth (jjiarter of the seoond stanza in this 
chapter. 
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An example on inverse quadruple rule-of-thne. 

22. There is a block of stone (suited for building purposes)^ 
which measures 6 hernias in breadth, 30 hast as in length and 8 
kastas in height, and (it is) 9 in worth. By means of this (given 
in exchange), how many (blocks) of such stone, fit to be used in 
building a Jina temple, (may be obtained, each) measuring 2 by 
6 by 1 {hast as), and boing 5 in worth ? 

Thus ends the invorso double, treble and quadruple rule-of- 
three. 

Tho rule in regard to (problems bearing on associated) forward 
and backward movement. 

23. Write down the net daily movement, as derived from tho 
difference of (tho given rates of) forward and backward movements, 
each (of these rates) being (first) divided by its own (spooified) 
time; and then in relation to this (net daily movement), carry 
out tho operation of tho rule-of-throo. 

Examples in illustration thereof. 

24-25. In the course of J of a day, a ship goes over £ of a 
krosa in the ocean ; being opposed by the wind she goes back 
(during tho same time) J of n krosa. (live out, 0 you who have 
powerful arms in crossing over the ocean of numbers well, in what 
time that (ship) will have gone over 99§ yojanax. 

26. A man (‘timing (at tho rate of) Ij of a gold coin in 3J 
days, spends in days \ of the gold coin as also 1 of that (J) 
itself ; by what time will he own 70 (of those gold coins as his net 
earnings) ? 

27. That excellent elephant, which, with temples that arc 
attacked by the feet of bees greedy of the (flowing) ichor, goes 
over j as well as .{ of a yojana in days, and moves back in 3J 
days over f of a krona : say in what time ho will have gone over 
(a not distance of) 100 yojanax less by J kru : a. 

28-30. A well completely filled with water is 10 daiutas in 
depth; a lotus spriting up therein grows from the bottom 

28-30. The ‘dopth’ of tluf well in mentioned) in tin; original as ‘height* 
m«vured from the bottom of it. t 


12 
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(at the rate of) ahgulas in a day and half; the water (thereof) 
flows out through a pump (at the rate of) 2J ahgulas (of the well 
in depth) in 1 J days ; 1-J- ahgulas of water (in depth) are lost in a 
day by evaporation owing to the '(heating) rays of the sun ; a 
tortoise below pulls down 5j ahgulas of the stalk of the lotus 
plant in days. By what time will the lotus be on the same 
level with the water (in the well) ? 

31. A powerful unvanquished excellent black snake, which is 
32 hastas in length, enters into a hole (at the rate of) ahgulas 
in T \ of a day ; and in the course of ^ of a day its tail grows by 
2 1 of an ahgula. 0 ornament of arithmeticians, tell me by what 
time this same (serpent) enters fully into the hole. 

Thus end tho (problems bearing on associated) forward and 
backward movements. 

Tho rule of operation relating to double, treble and quadruple 
rule-of-throe. 

32. Transpose the Phala from its own place to tho other place 
(wherein a similar concrete quantity would occur) ; (theu, for the 
purpose of arriving at tho roquired result), the row consisting of 
the larger number (of different quantities) should be, (after they 
are all multiplied together), divided by the row consisting of the 


32. Tho transference of the Phala and the other operations herein mentioned 
will bo dear from tho following worked out example. 

Tho data in tho problem in stanza No. 36 are to bo first represented thus: — 

0 Afants. 1 Vdha + 1 Kumbha. 

3 Yojanax. 10 Y of anas. 

00 Pan as. 


When the Phala hero, viz., GO panas , is transferred to tho other row wo have— 
9 Jfffnfs. 1 Vdha + 1 Kumbha = 1J Vdha. 

3 Ydjanas. 10 Yojanas. 

60 Panas. 

Now tho right hand row, consisting of a larger number of different quantities, 
should bo, after they aro all multiplied together, divided by the smaller left 
hand row similarly dealt with. 

Then we have 

1} x 10 x GO 
9x3 

Tho result hero gives the number of panas to We found out 
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smaller number (of different quantities, after these aro also 
similarly thrown together and multiplied) ; but iu the matter of 
the buying and selling of living animals (the transposition is to 
take place) only (in relation to the numbers representing) thorn. 

Examples in illustration thereof. 

33. At the rate of 2, 3 and 4 per cent, (per month), 50, 00 
and 70 Purdms were (respectively) put to interest by a person 
desiring profit. How much interest does ho obtain in ten 
months P 

34. The interest on 8(Jj gold coins for J- of a month is lj. 
How>much (will it be) on 90} gold coins for 5j months P 

&5. Ho who obtains 20 gems in rot urn for J00 gold pieces of 10 
varans — what (will he obtain) in return for 288 gold pieces of 
10 ndrmtj / 

36. A man< by carrying 9 mams of wheat over 3 yojuiias, 
obtained 60 pana*. How much (would he obtain) Ijy carrying 
one liumhha along with one ralu (thereof) over 10 ybjaiws P 

Examples on barter , 

37. A man obtains 3 harms of musk for lOgold coins and 
2 harms of camphor for 8 gold coins. How many [harms of 
camphor does he obtain) in return for 300 harms of musk P 

.. 38. In return for 8 (mams in weight of silver), a man 
obtains 60 jack fruits; and in return for 10 mdsas (in weight of 
.silver he obtains) 80 pomegranates. How many pomegranates 
(does he obtain) in return for 900 jack fruits '* 

Examples of [problems heartily on) the buying and selling 
of animals. 

39. Twenty horse?, (each) of 16 years (of age), aro worth 
100,000 gold coins. O loading arithmetician, say how much TO 
horses, (each) of 10 years (of age), will be (worth) at this (rate). 

40. Three hundred gold coins form the price of 9 damsels, 
(each) of 10 years (of age). What is the price of 36 damsols, (each) 
of 16 years (of age) P 
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41. What is the interest for 10 months on 90, invested at tho 
rate of 6 per 100 (per month) ? 0 you, who are a mirror to the 
face of arithmeticians, say, with tho aid of the two (other requisite) 
known quantities, what the time in relation to that (interest) is, 
and what the capital is (in relation to that interest and time). 

An example on treble rule-nj -three. • 

42. Two pieces of sandal-wood, measuring 3 and 4 hastas in 
diameter and length respectively, are worth 8 gold coins. At this 
(rate) how much will he tho worth of 14 (pieces of sandal-wood, 
each) measuring 6 and 9 hastas in diamoter and length (respect- 
ively) Y 

Thus ends treble rulo-of-three. 

An example on quadruple ruie-of -three. 

43. A household well, measuring 5, 8 and 3 hastas in breadth, 
length and height (from tho bottom, respectively), contain 6 vahas 
of water ; 0 you, who are learned, give out how much (water) 9 
wells, (each being) 7 haxtax in breadth, 00 in length and 5 in 
height (from the bottom, will contain). 

Thus ends the fourth subject of treatment known 
as Rule-of-three in Sarasangraha which is a work on 
arithmetic by Mahaviracarya. 


43. This word mlint occurring in this stanza indicates the name of the metre 
in which tho stnnzn is composed, ut the same time that it. means ‘ belonging to a 
houso. ’ 
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CHAPTER VI. 

MIXED PROBLEM 8. 

The Fifth Subject of Treatment. 

1. For attaining the supreme good, wo worshipfully salute the 
holy Jinas, who are in possession of the fourfold infinite attributes, 
who are the makers of Urtkax , who have attained self-conquost. aro 
pure, are honoured in all the three worlds and aro also excellent 
precoptors— the Jinas who have gone over to the (other) shore of 
the ocean of tho Jaina doctrines, and are the guides and toachors 
of (all) born beings, and who, being the abodo of all good 
qualities, are good in themselves and do good to othors. 

Hereafter we shall expound the fifth subject of treatment 
known as mixed problems. It is as follows : — 

Statement of the meaning of the technical terms xahkramctna 
and vminu-xankramarw : — 

2. Those who have gone to the cud of the ocean of calculation 
saj that tho halving of the sum and of the difference (of any two 
quantities) is (known as) anukramma, and that the saiikramona of 
two quantities which are (respectively ) the divisor ami the quotient 
is that which is vimma (/.c., vimma-Minkramana). 

Examp ten in iUnxtratiwn thereof, 

3. What is tho xmikramam where the number 12 (is associated) 
with 2; and what is the divisional vmma-saiikramam of that 
(same) number (12 in relation to 2) Y 


1 Ttrtha is interpreted to mean a ford intended to crow the river of mundane 
existence which i» subject to knrma and reincarnation. 'I ho Jinaa are conceived 
to bo capable of enabling the soul* of men to got out of the atn-am of mwttdra 
or the recurring cycle of embodied existence. The Jinua are therefore called 
tlrthankarax. 

2. Algebraically the tarikrawatm of any two quantities a mid h iafirding 


. a + h 

out 

2 


and 


a/ A . their vi' amu-xatihruviuna i* arriving at ^ b 


and 
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Double Rule-of-three. 


The rule for arriving at (the value of) the interest which 
(operation) is of the nature of double rule-of-three : — 

4. The number representing the Icchd , *>., the amount the 
interest wheroon is desired to bo found out, is multiplied by the 
time connected with itself and is then multiplied by (the number 
representing) the (given) rate of interest for the given capital ; 
(then the resulting product) is divided by the time and the capital 
quantity (connected with the rate of interest) ; this (quotient) is, 
in arithmetic, tho interest of the desired amount. 

Example s in illustration thereof. 

o. Purdnas, 50, 60, and 70 (in amount) were lent out on 
interest at the rate of 3, 5 and 6 per cent (per mensem respect- 
ively) ; what is the interest for 6 months? 

6. (A sum of) 30 kdmiponas and 8 panas were lent out on 
intorest at the rate of 7J per cent (per month); what is the 
interest produced in exactly 7] months? 

7. The interest on 60 for 2 months is seen to be 5 purdnas 
with 3 panas ; what Would be the interest on 100 for 1 year? 

8. The interest for 1 month and a half on lend mg out 150 
is 15. What would bo the intorest obtained at this rate on 300 
for 10 months ? 

9. A merchant lent out 63 kdrmpanas at the rate of 8 for 108 
(per month). What (is the interest) for 7} months ? 

The rulo for finding out tho capital lent out: — 

10. The capital quantity (involved in the rate of interest) is 
multiplied by the time connected with itself and is then divided 


C X t X I 

4. Symbolically £= YxO~ ’ ^ anc * ^ aro i’ fi *P ( ‘otively the time, 

capital and interest of the pramritia or the late, and t, c ami i aro respectively 
the time, capital aud interest of the icchd. For an explanation of pramdna , 
icchd t Ac., see note under Ch. V, 2. 

5. Unless otherwise mentioned, tho rate of interest, is for 1 month, 

10. Symbolically *= c * 
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by the interest connected with itsolf. (Then) this (quotient) has 
to be divided by the time connected with the capital lent out ; 
(this last) quotient when multiplied by the interest (that has 
accrued) becomes the capital giving rise to that (interest). 

Examples in illustration thereof. 

11. In lending out at the rate of 2.$ per cent (per monsom), a 
month and a half (is the time' for which interest has accrued), and 
a certain person thus obtains 5 puranas as tho interest. Tell me 
what tho capital is in relation to that (interest). 

12. The interest on 70 for H months is exactly 2}. When 
the interest is 2| for 7.} months what is the capital lent ontP 

13. In lending out at the rates of II, 5 and (> per cent (per 
mensem), the interest has so accrued in <> months ns to he !), 18 
and (respectively) ; what arc the capital amounts lent out? 

The rule for finding out the time (during which interest 
has accrued) : — 

14. Take tho capital amount (involved in the given rate of 
interest) as multiplied by the time (connected therewith); then 
cause this to be divided by its own (connected) rate-interest and 
by the capital lent out; then this (quotient) hero is multiplied by 
the interest that has aocruod on the capital lent out. Wise men 
say that tho resulting (product) is tho timo (for which tho interest 
has accrued). 

Examples in illustration thereof. 

15. 0 friend, mention, after calculating the time, by what 
timo 28 will he obtained as interest on 80, lent out at the rato of 
3£ per cent (per mensem). 

16. The capital amount lent out at the rate of 20 per 000 (per 
mensem) is 120. Tho interest also is 84. O friend, you toll 
me quickly the time (for which the interest has aocruod). 


Q X 'jpx $ 

14. Symbolically,--^-^ =<• 
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17. It is % 96 that is lent out at the rate of 6 per cent (per 
mensem) ; the interest thereon is seen to be 57$. What is the 
time (for which interest has accrued) P 

The rule regarding barter or exchange of commodities : — 

18. 7 ho quantity of the commodity taken in exchange is 
divided by its own price as well as by the quantity of the commo- 
dity given in exchange. (It is then) multiplied by the price 
of the commodity given in exchange, and thereafter multiplied 
by the quantity of the commodity intended to be exchanged. This 
(resulting) product is the roquired quantity corresponding to the 
prices of the commodity given in exchange as well as of the 
commodity taken in exchange. 

An example in illustration thereof. 

19 and 20. Palm 8 of dried ginger were purchased for 
panas and palas 5 of long pepper for 8$ panas. Think out and 
tell rao quickly, 0 you who know arithmetic, how many palas 
of long pepper have been purchased by one (at the above rate) by 
means of 80 palas of dried ginger. 

Thus end the problems on double rule-of-three in this chapter 
on mixed problems. 


Problems bearing on interest. 

Next, in the chapter on mixed problems, we shall expound 
probloms bearing on intoresfc. 

The rule for the separation of the capital and interest from 
their mixed sum : — 

21. The result arrived at by carrying out the operation of 
division in relation to the given mixed sum of oapitaiand interest 


21. Symbolically, c=- 


1 + 


1 x t x 1 
TxC 


, where m » c + i ; hence i — m — c. 
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by means of one , to whioh the interest thereon for the (given) time 
is added, (happens to be the required) oapital ; and the interest 
required is the combined sum minus this oapital. 

An example in illustration thereof. 

22. If one lends out money at the rate of 5 per oont (per 
month), the combined sum of interest and capital beoomes 48 
in 12 months. What are the capital and the interest therein P 

Again another rule for the separation of tho capital and the 
interest from their combined sum : — 

23. Tho product of the given timo and tho rate-intorost, 
divided by tho rate-time and the rate-capital and then combined 
with one , is the divisor of tho combined sum of the oapital and 
interest ; the resulting quotient has to be understood as the 
(required) capital. 

, An example in illustration thereof* 

24. Having given out on interest some monoy at tho rate of 
2£ per cent (per mensem), one obtains 33 in 4 months as 
tho combined sum (of the capital and the interest). What may 
be the capital (therein) P 

The rule for the separation of tho time and the interest from 
their combmed sum : — 

25. Take the rate-capital multiplied by the rate-time and 
divided by the rate-interest and by the given capital, and then 
combine this (resulting quantity) with one: then tho quotient 
obtained by dividing tho combined sum (of the time and interest) 
by this (resulting sum) indeed becomes* the (required) interest. 

'Examples in illustration thereof, 

26. Money amounting to 00 exactly was lent out at tho rate 
of 5 per cent (per month) by one desirous of obtaining interest. 

23. Symbolically c = It i» evident that thi» i« very 

much the same as the formula tfiven under 21. 

r C x T *] 

25. Symbolically * = tn + J + 1 j = », where tn = i + C 
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The time (for which the interest has accrued) combined with the 
interest therefor is 20. What is the time here ? 

27. The oapital put to interest at the rate of per 70 \ (per 
mensem) is 705. The mixed sum of its time and interest is 80. 
(What is the value of the time and of the interest P) 

28. The capital put to interest at the rate of 3J per 80 for 
2J months is 400, and the mixed sum of time and interest is 36. 
(What is the time and what the interest ?) 

The rule for arriving at the separation of the capital and the 
time of interest from their mixed sum : — 

29. From the square of the givon mixed sum (of tho capital 
and the time), the rate-capital divided by its rate-interest and 
multiplied by the rate-time and by four times the given interest 
is to be subtracted. The square root of this (resulting remainder) 
is then used in relation to tho given mixed sum so as to carry out 
the process of sahkramana. 

Examples in illustration thereof, 

30. This, viz., 4 Purdnas is the interest on 70 (per month). The 
interest (obtained on the whole) is 25. The mixed sum (of the 
capital used and the time of interost) is 45 J. What is tho capital 
lent out P 

31. By lending out what capital for what time at the rate of 3 
per 60 (per mensem) would a man obtain 18 as interest, 66 being 
the mixed sum of that time and that capital P 

32. It has been ascertained that the interest for 1£ months on 
60 is only 2J. The interest here (in the given instance) is 24, and 


sj mi - ~ x 4i ± m 

29. Symbolically, - * = c or t as the oase may be, 

where m » c + t. 

The value of the quantity under tho root, as given in the rule, is (c — 0* 5 
and the square root of this and tho wtfru have the operation of •a«*rawat»a 
performed in relation to them. 

For tho explanation of »aiikra»vo?>a see Ch. VI. 2. 
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60 is (the value of) the time combined with the capital lent’ out. 
(What is the time and what tho capital ?) 

The rule for arriving at tho separation of tho rate-interest and 
the required time from their sum : — 

33. The rate-capital is multiplied by its own rate-time, by the 
given^ interest and by four, and is thon divided by the other 
(that is, tho given) capital. The square root of the remainder 
(obtained by subtracting this resulting quotient) from the square 
of tho given mixed sum is then used in relation to tho mixed sura 
so as to carry out the process of mhhramana. 

An example in i! hint ration thereof, 

34. Tho mixed sum of the rate-interest and of tho timo (for 
which interest has accrued) at tho rate of the quantity to bo found 
out per 100 per month and a half is 12], tho capital lent out 
boing 30 and tho interest accruing thereon being f). (What is 
the rate of interest and what the timo for which it has accrued P) 

The rule for arriving separately at tho capital, time, and tho 
interest from their mixed sum : — 

35. Any (optionally chosen) quantity subtracted from the given 

mixed sum may happen to be the time required. By means of tho 
interest on one for that same timo, to which interest one iH addod, 
(the quantity remaining after tho optionally chosen timo is sub- 
tracted, from the given mixed sum) iN to be divided. (Tho 
resulting quotient) is the required capital.' Tho mixed sum 
diminished by its own corresponding time and capital becomes 
the (required) interest, « 

An example in illustration thereof. 

36. In a loan transaction at tho rate of 5 per cont ( per monsem), 
the quantities representing the time, the capital and the interest 

33. Symbolically* "i 1 - - * T * ' * 4 i" u»©d with m in oirrying out 

the required taukramana, m being equal to I + L 

36. Here, of the throe unknown quantities, tho value of the timo it to be 
optionally chosen, and tho other two quautitie* aro arrived at in accordance with 
rule in Ch. VI. 21. 
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[connected with the loan) are not known. Their sum however is 
32 . What is the capital, what is the time, and what the interest ? 

The rule for arriving separately at the various amounts of 
interest accruing on various capitals for various periods of time 
Prom the mixed sum of (those) amounts of interest : — 

37. Lot each capital amount, multiplied by the (corresponding) 
dme and multiplied (also) by the (given) total (of the various 
imounts) of interest, be separately divided by the sum of the 
products obtained by multiplying each of the capital amounts by 
its corresponding time, and let the interest (of the capital so dealt 
vith) be (thus) declared. 

An example in illustration thereof. 

38. In this (problem), the (given) capitals are 40, 30, 20 and 
)0 ; and the months are 5, 4, 3 and 6 (respectively). The sum of 
ihe amounts of interest is 34. (B’ind out each of these amounts.) 

The rule for separating the various capital amounts from their 
nixed sum : — 

39. Let the quantity representing tho mixed sum of the various 
capitals lent out be divided by the sum of those (quotients) which 
ire obtained by dividing tho various amounts of interest by their 
jorresponding periods of time, and let the (resulting) quotient be 
nultiplied (respectively) by (tho various) quotients obtained by 


87. Symbolically, — '—I — = i, ; 

0, t, + Oj t a + Cj tj+ . 

ami- 2llt TO ssij: where m i, + i,+ i>+ . . 

Cl + Oj t a + C* t* + • • . 

, and Ci, Cj, ci, etc., are tho various capitals, and ti, t Sl t*, etc., are the various 
periods of time. 

3ft. Symbolically, x — -A* “ c i J * 

_Ll +-l’_ + 3-+ 

ti t, t, 

and — . : x -- — = : 

1l + J1L + . . 

tl t> tl 

*hero»t~Oi + o,-rcj+ ... etc. 
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dividing the various amounts of interest by their corresponding 
periods of timo. Thus the various capital amounts happen to bo 
found out. 


Examples in illustration thereof. 

40^ (Sums represented by) 10, 6, 3 and 15 arc the (various 
given) amounts of interest, and 5, 4, 3 and 6 are the (correspond- 
ing) months (for which thoso amounts of interest have accrued); 
the mixed sum of the (corresponding) capital amounts is soen 
to be 140 . (Find out theso capital amounts.) 

41. The (various) amounts of interest are J, 0, 10}, 10 and 30 ; 
(the corresponding periods of time art') 5, 0, 7, 8 and 10 months ; 
80 is the mixed sum (of the various capital amounts lent out. 
What are thoBo amounts respectively Y) 

Tho rule for arriving separately at the various periods of timo 
from their given mixed sum : — 

42. Let the quantity representing tho mixod sum of tho 
(various) periods of time ho divided by tho sum of those (various 
quotients) obtained by dividing the various amounts of interest by 
their corresponding capital amounts ; and (then) let the (result- 
ing) quotient bo multiplied (separately by each of the abovo- 
mentioned quotients). (Thus) tho (various) periods of time 
happen to be found out. 

An example in illustration thereof. 

43. Here, (in this problem,) the (give*) capital amounts aro 
40 , 30, 20 and 50 ; and 10, 6, 3 and 15 are tho (corresponding) 
amounts of interest; 18 is tho quantity representing the mixed 
sum of tho (respective) periods of time (for which interest haa 
accrued. Find out these periods of timo separately). 


42. Symbolically, 




Cf 



Similarly t it t*, etc., may bu found out . 


x * l = i|, where m = t, + t, + t| + Ao. 
Cl 
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The rule for arriving separately at the rate- interest of the rate- 
capital from the quantity representing the mixed sum obtained 
by adding together tho capital amount lent out, which is itself 
equal to tho rate-interest, and the interest on such capital lent 
out : — 

44. The rate-capital as multiplied by the rate-time is divided 
by the other time (for which interest has accrued) ; the square root 
of this (resulting quotient) as multiplied by the (given) mixed 
sum once, and (thou) as combined with the square of half of that 
(above-mentioned) quotient, whon diminished by the half of this 
(same) quotient, becomes the (required) rate-interest (which is also 
equal to the capital lent out). 

Examples in illustration thereof. 

45. The rate-interest per 100 per 4 months is unknown. That 
(unknown quantity) is the capital lent out ; this, when combined 
with its own interest, happens to be 1 2 ; and 25 months is the time 
for (whioh) this (interest has accrued. Find out the rate-interest 
equal to the capital lent out). 

4(i. The rate-interest per 80 per 3 months is unknown ; 7£ is 
the mixed sum of that (unknown quantity taken as tho) capital lent 
out and of the interest thereon for 1 year. What is the capital 
here and what the interest F 

The rule for separating the capital, which is of the same value 
in all cases, and the interest (thereon for varying periods of time), 
from their mixed sum : — 

47. Know that, when tiie dilfercnco between (any two of) the 
(given) mixed sums as multiplied by each other’s period * (of 


/ cr ' * / cr\ 2 

44. Symbolically, \ ~ x m + | ^ f 1 


G T 

2 t “ 1 * 8 equal to e. 


41 Symbolic^, '• = 

*1 S' *2 

• By “ the period of interest ” here ii meant the time for which interest has 
accrued in connection with anr of tho given mixed sums of capital and interest* 
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interest) is divided by the difference between those periods, what 
happens to be the quotient is the required capital in relation to 
(all) those (given mixed sums). 

Examples in illustration thereof. 

43* The mixed sums arc 50, 58 and 00, and the months 
(during which interest has aoeruod respectively) are 5, 7 and 9. 
Find out what tho interest is (in each ease). 

49 and 50. 0 arithmetician, a certain man paid out to 4 
persons 30, 3i§, 33| and 35, (these) being the mixed stuns (of tho 
same capital and the interest due thereon) at the end of 3, 4, 5 
and 6 months (respectively). Tell mo quickly, what may ho tho 
capital here ? 

The rule for separating tho capital, which is of tho same valuo 
in all cases, and the time (during which interest tms accrued), from 
their mixed sum : — 

51. Wise men say that that is tho (required) capital, which is 
obtained as the quotient of tho difference between (any two of) tho 
(given) mixed sums as multiplied by each other's interest, when 
this ^difference) is divided by the difference between tho (two 
chosou) amounts of interest. 

* Examples in illustration thereof. 

52. The (given) mixed sums of tho capital and the periods of 
interest are 21, 23 and 25; here, (in this yroblem,) tho amounts 
of interest are 6, 10 and 14. What may bo tho capital of equal 
value here ? 

53. The (given) mixed sums are 35, 37 and 39 ; and tho amounts 
of interest are 20, 23 and 36. (What is the common capital Y) 


ffl, * 2 J' 1) 

51. Symbolically, — - . — 

•i ^ 1 * 

or mixed turns. 


c, where m, t *»„ etc., are the rariou* miira* 
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The rule for arriving at the capital dealt out at two differen 
rates of interest 

54. Let the balance quantity (t.e., the difference between th 
two amounts of interest,) be divided by the difference betweei 
those (two quantities) which form’the interest on one for the givei 
periods of time ; (this quotient) becomes the capital thought of b; 
ono’s self before. 


Examples in illustration thereof . 

55. Borrowing at the rato of 6 per cent, and then lending ou 
at the rate of 9 per cent, ono obtains in tho way of the difforentia 
gain 81 duly at the end of 3 months.- What is the capita 
(utilized here) ? 

56. Borrowed at the rate of 3 per cent per mensem, a certaii 
oapital amount is put out to interest at the rate of 8 per cent pc 
mensem. The differential gain is 80 at the end of 2 months 
How much is tho capital (so used) ? 

The rule for arriving at the time whou both capital and interes 
will become paid up (by instalments) : — 

57. Tho capital lent out is multiplied by its time (of instal 
mont) and is again multiplied by the rate-interest ; this product 
when dividod by the rate-capital and the rate-time, becomes tin 
interest in relation to the instalment. The capital (in the instal 
mont) and the time (of discharge of the debt are to bo made out 
as before from (this) interest. 

. Examples in illustration thereof , 

58. The rato of intorcst is 5 for 70 per mensem ; the (amount o: 
the) instalment to bo paid is 18 in (every) 2 months; the capita 
lent out is 84. What is tho time of discharge ? 


64. Symbolically, 


67. Symbolically, 


»i J' t 3 


1 X X /, _ 1 X X I> 
2\ x Ci x Of 

c x p x I 
~C x T 


= interest in tho instalment, where p is th< 


time of each instalment. 
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•“)9. The monthly interest on GO is oxaotly 5. The capital 
lent out is 35; the (amount of the) instalment (to ho paid) is 15 
in (every ) 3 months. What is the time (of discharge) of that 
(debt) ? 

The rule for separating various capital amouuts, on whioh the 
same interest has accrued, from their mixed sum 

00. Let the (given) mixed sum multiplied by the time (given) 
in relation to it be divided by the sum of that quantity, wherein aro 
eombined the various rate-capitals as multiplied by thoir respective 
rate times and as divided by their respective rate- interests. The 
interest (is thus arrived at) ; and (from this) the capital amounts 
aro arrived at as before. 

Example* in iUustrntmn thereof. 

01. Tuo mixed sum (of the ca pital amounts lent out) at the 
rates of 2, G and 4 por rent per mensem is 4,400. Hero the 
capital amounts are such as have equal amounts of interest aocruing 
after 2 months. What (are the c apital amounts lent, and what is 
the equal interest) ? 

02. An amount represented (on tlm whole) by 1,‘MJO was lent 
out at the rates of 3 per cent, 5 p< r 70. and 3j per GO (per mensem) ; 
the interest (accrued) in 3 months (on the various lent parts of 
this capital amouut) is the same (in each ease). (What are these 
amounts lent out and what is the interest '{) 

The rule for arriving at tho lent out capital in relation to the 
known time of discharge hv instalments: 

G3. Let the amount of the instalment r*s divided by the time 
thereof and as multiplied by tho time of discharge be divided by 

in ✓ f 

UO. Symbolically, x q, r x T ' ; ^ ro,u f b . ♦be eapjlal* 

1 , + 7 . + 

are found out by the rub* in Ch. VI. 10. 

* t 

B3. Symboliituily. ^ • ' r » "hero » amount of irnifahriAnt 

1 x (x J 

1 + T x C 

p-» tUu time of an instalment, and l tho time of diachargn. 
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that interest on one for the time of discharge to 'which one is 
added ; the capital lent out is (thus arrived at). 

Example* in illmt ration thereof. 

64. In accordance with the rate of 5 per cent (per mensem), 2 
months is the time for each instalment ; and paying the instalment 
of 8 (on each occasion), a man here became free (from cfhbt) in 
60 months. What is the capital (borrowed by him) ? 

65. A certain person gives once in 12 days an instalment of 
2$, the rate of interest boing 6 per cent (per mensem). What is 
the capital amount of the debt discharged in 10 months Y 

The rule for arriving separately at the various capital-amounts 
which, when combined with or diminished by their respective 
interests, are equal to one another, from their mixed sum, (the 
interests being either added to the capital amounts in all the given 
cases or subtracted from them similarly in all the given eases) : — 

66. One is to bo either combined with or diminished by the 
interest (accruing) thereon for the (given) period of time (in each 
ease in accordance with tin? respectively given rate of interest; 
then again in eac{i case,) one is divided respectively by these 
(combined or diminished quantities arrived at as before). There- 
after the (given) mixed sum (of the various capital amounts lent 
out) is divided by the sum of these (resulting quotients), and in 
relation to the mixed sum (so treated) the process of multipli- 
cation is to be conducted (separately iu each case by multiplying 
it.) by (the corresponding) proportionate part (of the above- 
mentioned sum of the quotients). This gives rise to the capital 


titi. Symbolically, 


, 1 x ( x , . ■ 

^ r, x c, t,xC, 


1 X t X Ij 


iVo. 1 ± 


1 x t x 7, 
T \ x (?j 


Similarly, 


do. 




l x t x 2, 
T t x (?j 


And «o on for e,, c*. Aa, 
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amounts leat out, which on beiri*jr combined with or diminished by 
thoir respective amounts of interest are equal (in valued 

Kxamptea in illustration thereof, 

67. The total capital represented by 8, ->20 is invested (in parts) 
at the (respective) rates of 11, 6 and 8 per cent (per month). 
Then, in this investment, in b months the capital amounts lent out 
arc, ori beiug diminished by the (respective) amounts of interest, 
(seen to bo) equal in value. (What are the respective amouuts 
invested thus Y) 

68. The total capital represented by 1,200 is invested (in parts) 
at the (respective) rates of 6, 6 and 8 for tin for 2 months ; then, in 
this investment, in 8 months the capital amounts lent, out are, on 
being diminished by the (respective) amounts of interest, (seen to 
be) equal in value. ( What are the respective amounts invested 
thus Y) 

66. The total capital represented by 13,7-10 is invested (in parts) 
at the (respective) rates of 2, 5 and 6 per cent (per iftontb) ; then, in 
this investment, in I months the capital amounts lent out are, on 
bei.ig combined with the (respective) amounts of interest, (seen to 
be) equal in value. (What are t)ie respective amounts invested 
thus Y) 

70. The total capital represented by 6,616 is invested (in parts) 
at the (respective) rates of 1 J, :j and ’ 2 for 80 (per month) ; then, in 
this investment, in 8 months (the capital amounts lent out are, on 
being combined with the respective amounts of interest, seen to be 
equal in value. What are the respective amounts invested thus!'} 

The rule for arriving at the capital, the interest, and the time 
of discharge (of the debt) in relation tr/tlie debt-amount (paid up) 
in instalments iD arithmetical progression : 

71. (The required capital amount in the due debt) is that 
capital amount (which results) hy adding the product of the 

71. Tim rule in very elliptical and will become dear from tie* following 
working of the example contained in atan/.u* 7- 73f ; 

Her© the wtila or the maximum available amount of an iimtxlru'nt i# AU ; thia^ 
when divide*! by 7 , the amount of ihe llrat instalment. givon V which 
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optionally chosen (maximum available amount of an ^instalment) 
by (whatever happens to l»e) the outstanding (fractional part of 
the number of terms in the series), to the amount of the (first) 
instalment as multiplied by the sum of that series in arithmetical 
progression, which has (one for the first term, one for the common 
difference, and has for the number of torms the integral value of) 
the quotient obtained by dividing (the above optionally chosen 
maximum) amount of debt (discharged at an instalment) by tho 
(above amount of the first) instalment. The interest thereon 
is that which accrues for the period of an instalment. Tho time 
(of an instalment) divided by tho amount of tho (first,) instalment 
and multiplied by the (optionally chosen maximum) amount 
of debt (discharged at an instalment) gives rise to the time (which 
is the time of the discharge of the whole debt). 

Examples in illustration thereof. 

72 and 73-J . A certain man utilised, (for the discharge of a debt) 
bearing interest at h per cent (per month), fiO (as tho available 
maximum amount) with 7 as the first instalment amount, increasing 
it by 7 in successive instalments due every | of a month, i le thus 
gavo m discharge of the debt tho sum of a series in arithmetical 
progression consisting of terms, and gavo also the interest 
accruing on those multiples of 7. What is the debt amount 
corresponding to the sum of the series, what is that interest (which 
he paid), and (what is) the time of discharge of that debt r' 

73 J to 76. A certain man utilised for the discharge of a debl, 
bearing interest at 5 per cent (per mensem), 80 (aB the available 
maximum amount) with 8 as the first instalment amount, increasing 
it by 8 in successive instalments due every £ of a month. He thus 


8 represent* the uutubor of term* of the series in arithmetical progression, 
which ha* 1 for tho first term and 1 for the common difference ; and t i* the 
agru or the outstanding fractional part. The sum of the above-mentioned 
series, via., 30, multiplied by 7, the amount of the first instalment, is added to 
the product, of j and 60, which latter is the maximum available amount of an 
instalment. THub, we get 36 X 7 -f- ? X CO — which is the required capital 
amount in tho due debt. The interest on for f of a month at the rate of 
per cent per mensem will be the interest paid on the whole, The time of 
diaoharge will be (f -r 7) X 20 = months. 
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gave in discharge of the debt the sum of a series in arithmetical 
progression consisting of terms ami gave also the interest 
accruing on those multiples of 8. The debt amount (corresponding 
to the sum of the series), the interest, (which he paid K and the 
time of discharge (of that dcbD — toll me, friend, alter calculating, 
what the (respective) value of these quantities is. 

» 

The rule for arriving at the average common interest 

77 and 77 A. Divide the sum of the (various accruing) interests 
|»y the sum of the (various corresponding ) interests due lor a month ; 
the resulting quotient, is the required time. r l he product of the 
(assumed) rate-time and the rate-capital is divided by this required 
time, then multiplied by the sum of the < various accruing) interests 
and then divided again by the sum of the (various given) capital 
amounts. This gives rise to the (required) rate-interest. 

Jji example til il/ualrattun l hereof. 

7e>. In this problem, four hundreds were (*epa lately) invested 
at the (respective) rates of 2, JJ, 5 and \ per cent (per mensem) 
f ur :, 5 * 1 , 2 and ;* months (respectively). What is the average 
common time of investment, and what the average common rate 
of interest 

Thus end the problems hearing on interest in this chapter on 
mixed problems. 


77 ,nd 774 The various aucruitifr iiiteieal.n are Hie vinoui umiMitil* oi 
i ut trusts ufcrninjr on ih« several amount i at. U.e various rotes for ll.oir respective 


pol’iods. 

Symbolically. 


, 7 x r. 

and 

t n 


f r, X /, X /, X i? * 1 + r ’ * 

r v c r* c < ■ J * l 7 


i x 


C,xl K J; + 
] < C 


X /, y 

7 x C 




y 0 

\„ or average time j 

j 

. • • j -r ( L ‘i *i + • • •) 

■i= i „ m average interuei.. 
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Proportionate Division. 

Hereafter we shall expound in (this) chapter on mixed problems 
the working of proportionate division : — 

79 J . The operation of proportionate division is that wherein the 
(given) collective quantity ^ to be divided) is first divided by the 
sum of the numerators of the eominon-denominator-fi»ctions 
(representing the various proportionate parts), the denominators of 
which fractions are struck off out of consideration ; and (then it) 
has to be multiplied (respectively in each case) by (these) propor- 
tional numerators. This is called kuttlkara by the learned. 


Examples in illustration thereof. 

80}. Here, ( in this problem,) 120 gold pieces are divided among 
4 servants in the (respective) proportional parts of }, }, } and 
0 arithmetician, tell me quickly what they obtained. 

81}. (The sum of) ri03 dmdras was divided among five, the 
first one (among them) getting 3 parts, and 3 being the common 
ratio successively (in relation to the shares of the others). What 
was the share of each ? 

82} to 85}. A certain faithful h rdvaka took a number of 
lotus flowers, and going into the .Tina temple conducted (therein) 
with devotion the worship of the chief Jinas that were worthy of 
worship. He offered } part to Vrsabha, { to worthy Par6va, 
and I 1 ** toJinapati, and} to sage Suvrata; he dovotedlv gave * 
to Ari?tandmi who destroyed all the eight kinds of karmasmd who 
was beloved by the world ; and } of } to Jinasanti : 480 lotuses 
were brought (for this purpose. ) Ry adopting the operation known 


70|. In working the example in stansa 80$ according to this rule we get. 
h 3. ft i = At A» A* After removing the denominators here, we have 6, 4, 3 
and 2. These are also called j>rak?epas or proportional numerators. The sum of 
these is 15, by which the amount to be distributed, vis., 120, is divided ; and the 
resulting quotient 8 is separately multiplied by the proportional numerators 6, 4, 
3 and 3. Then the amounts thus obtained are 6 x 8 or 48, 4 x 8 or 32, 3 x 8or 
34,2>c 8 or 16 . It is worthy of not# that praktfpa means both the operation 
of proportionate division and a proportional numerator. 
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as prdkzepaka, give out the proportionate distribution of the 
flowers. 

86£. (A sum of) 480 was dividod among five men in the pro- 
portion of 2, d, 4, 5 and tf ; 0 friend, give out (the share of each). 

The rule for arriving at (certain ) results in required pro- 
portions : — 

871. The (number representing the) rate-price is divided by 
(the numbor representing). the thing purchasable therewith; (it) 
is (then) multiplied by tho (given) proportional number ; by means 
of this, (we get at) the sum of the proportionate parts, (through) 
the process of addition. Then the given amount multiplied bv 
tho (respective) proportionate parts and then dividod by (this 
sum of) the proportionate parts gives rise t<» tin* value (of the 
various things in the required proportion). 

Another rule for this (same) purpose 

88]. Multiply the numbers representing the rate-priors 
(respectively) by the numbers representing the (given) propor- 
tions of the (various) things (to l>e purchased); then divide (the 
result) by the (respective) numbers measuring the things purchas- 
able for the rate-price ; the resulting quantities happen to be the 
(requisite) multipliers in the operation of prafoiyaka. The intelli- 
gent man mav (then) give out the required answer bv adopting 
the rule-of-fchrec. 

Agaiu a rule for this (same) purpose : — 

89,]. The (numbers representing the various) rate-prices are 
respectively divided by their own related (numbers representing 
the) things purchasable therefor and are (then) multiplied by 
their related proportional numbers. With the help of these, the 
remainder (of the operation should bo curried Trot) as before. 


S7J to 80$. In working the example in »tant* 00$ nnd 01$ according to thfa* 
rule* 2, .'t and 5 are divided hr 3. 5 and 7 respectively and are similarly multi- 
plied by «, 3 and 1. Thu* we have | * 6, | x 3, ? * 1 “f I. /• ' rh0#t ‘ 

the pro|»ortional part*. The rule, in *tan 7 ai 88$ and 89} require thereafter 
the operation of praLYpu to bo applied in relation to these proportional I’ ft rU ; > 
hut the rule in sunxa 87$ eipresily deicribs* thia opsrstioa. 
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The required result is well arrived at by going through the process 
of tho rule-of-thrce. 

Examples in illustration thereof. 

90 } and 9 1}. Pomegranates, inangoos and wmodapples are 
obtainable at the (respective) rates of 3 for 2, 5 for 3, and 7 for 5 
I tanas. 0 you friend, who know the principles of calculation, come 
quickly having purchased fruits for 76 panas t so that the mangoes 
may be throe times as the woodapples, and the pomegranates six 
times as much. 

92} to 94}. A follower of .1 ina had tho image of jina bathed in 
potfuls of curds, ghee and milk. Three pots became filled with 72 
pahs (of these) ; 32 pahs were found in the first pot and 24 in the 
second pot and 16 in the third pot. From these (potfuls of mixed- 
up) cunts, ghee and milk, find out each of those (ingredients) 
separately and give them out, there being altogether 24 pahs of 
glieo, 16 pahs of milk and 32 pahs of curds. 

95} and 96}. Three purana< formed the pay of one man who 
is a mounted soldier ; and at that rate there were 65 men in all. 
Sonin (among them) broke down, and the amount of their pay was 
given to those that remained in the field. Of this, each man 
obtained 10 puranas. You tell mo, after thinking well, how many 
remained in the field and how many broke down. 

The rule for the operation of proportionate division, wherein 
there is the addition or the subtraction of certain optionally chosen 
integral quantities : — 

97}. Tho given total quantity is diminished by the integral 
quantities that aro to he added, or is combined with the positivo 
integral quantities that are to be subtracted ; then with tho help of 
this resulting quantity the operation of proportionate division is to 
he conducted, and the resulting proportionate parts are respectively 
combined with those (integral quantities that are to be added to 
them), or they aro diminished (respectively) by those (integral 
quantities that aro to bo subtracted). 

97}. The opera (ion of proportionate division t contacted here is according 
t,o anv of the rules iu stanza* 87£ to 89^. 
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Examples in illustration thereof \ 

98 Four men obtained their shares in successively doubled 
proportions and with successively doubled differences in addition, 
the first man obtaining one share : (17 ns the quantity so to be 
distributed) here. What is the share of each ? 

99$. (A sum of) 78 is divided by these four (among them- 
selves} in proportions which are successively from the first 1 $ 
times (what precedes) and with dilfcTences (in addition, which,) 
commencing with 1, (go on) increasing three-fold. Give out the 
(value of the) parts obtained (by each.) 

100$. (The shares of) five (persons) are (successively) from the 
first 1$ times (what goes before), and the differences in addition arc 
quantitieswliieh are (successively) 2Jj times (the prooedingdifferenco) 
51$ is (the total quantity) to he divided. (Find out the values of 
* the portions obtained by each.) 

. 101 j. (A sum of) dOO minus 15 is divided by four men (among 
themselves) in proportions which ftom tin* fjrst, are 2j times 
(what precedes), and which (besides 1 ) are less by differences which 
arc (successively) 4 times (the preceding difference). (Find out 
the values of the various portions obtained.) 

The rule for arriving at tho value of the pricos producing 
equal salo-proceods and at the value of the highest capital (invested 
in the transactions concerned) : — 

102$. Tho largest capital (invested) combined with one 
becomes the vending rate of the commodity (to be sold). That 
(same vending rate), multiplied by the (given) price at which the 
remnant is to be sold, and diminished by one , gives rise tojhe 


The difference quantity to ho added to On* shares lion* in 1 in the cast i 
of the H-oomt man, and twice the piece ling diff-rence in the cane ol each of the 
remaining two men ; ami this dtff* retire in the cam* of lie* second man »h art 
expressly mentioned ns 1 in thin example an well as in the exumplo in stanza In) 

1 02 1 . The examples hearing on this rule contemplate tho ptirchato of a 
commodity at a certain oommoii rate for various capital amount*; then thf 
commodity so purchased is to ho sold at a cortain other common rate. That 
quantity of the commodity which is left over, owing/o it « t ot being • nofq/li to 
bo sold for a unit of the kind of money employed in tho transaction, is here 

1 A 



114 


ganitasarasangraha. 


purchasing rate. By reversing the processes, one may arrive at 
tho valuation of the highest capital (invested in the transaction). 

Examples in illustration thereof . 

J03f The caj)ital amounts invested by (three) men are (re- 
spectively) 2, 8 and 36 ; 0 is tho price at which the remnants of 
the commodity are to ho sold. Having purchased and sold at 
the same rates, they became possessors of equal wealth. (Find 
out the buying and selling prices.) 

104 Those three persons took up 1 \ and 2J (as their re- 
spective capital amounts) and conducted the operations of buying 
and selling (in relation to the same commodity at the same rates of 
price) ; by sglling the remnant (in the end) at a price represented 
by 6, they became possessors of equal wealth. (Find out their 
buying and selling prices.) 

105 Tho quantity measuring the equal wealth is 41, and 
the price at which the remnants of the commodity are sold is 6. 
0 arithmetician, tell me quickly what the highest capital (invested) 
is, and what tho (various) capitals are. 

1 ()(>£. In tho ease where <‘15 dinar as give the numerical measure 
of the equal wealth, and 4 is the price at which the remnant is to 
bo sold, you toll me, 0 arithmetician, what tho highest capita] 
(invested) is. 


spoken of as tho remnant, and the price nt which this remnant is sold is the 
remnant-price. 

Symbolically, let a, a + b and a + b + c be tho capitals, where the last is 
tho or the largest capital, and let p be the or tho remnant- 

price ; then, uncording to the rule, a + 6 + c+ l = tho vending rate ; 
and {it + b + e + !) p - 1 — the purchasing rate. 

From these, it can he eusily shown that the snm of the amounts realised by 
selling tho commodity at tho vending rate and the remnant at tho remnant- 
price turns out to be the same in each case. 

It may ho noted that the purchasing rate happens in problems bearing on 
this rule to ho the same in value as the or tho equal sale-proceeds. 

105f. it may he noted here that, according to the rule, it is only the largest 
Kipital that is found out ; while the other capitals required in the problem are 
optionally chosen, so as to be less than the largest capital. 
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The rule for arriving at the value of the prices producing 
equal sale-proceeds when the price of the remnant is fractional in 
charactor : — * 

107|. When the remnant price is fractional in character, the 
selling and the buying rates arc to be derived as before with (the 
data consisting of) the (invested) capitals and the remnant-price 
reduced to the same denominator, which is (however) ignored (for 
the time being) ; these selling and buying rates are (then re- 
spectively) to bo multiplied by (this) denominator and the square 
of (this) denominator (for arriving at the required selling and buy- 
ing rates). T he value of the equal sale-proceeds is (then obtained) 
by means of the rulo-of-threo. 

An example in illustration thereof' 

10»f (Tn a transaction) J, J-, J are t In* capital amounts 
(invested respectively by three persons); the remnant-pi ieo is g. 
By purchasing and soiling at the same prices, they became 
possessed of equal sale-proceeds. ( What is tin* buying price what 
tho selling price, and what the equal sale-aim mut '?) 

Again, another rule for arriving at the value of the equal sale- 
proceeds, when the remnant -price is fractional . — 

100]. 1 ho continued product of the highest numerator, of tiro, 
and of (all) the denominators (to be found in the values of the 
capital amounts invested ), when combined with the (last) denomi- 
nator belonging to the value of the remnant-price, gives rise to 
tho selling rate. This multiplied by the remnant-price, and then 
diminished by one, and then multiplied (successively) by tiro and 
all the denominators, becomes I hi* purchasing rate. Thun the 
rulo-of-threc (into be used for ariiving at flic common value of 
the sale-amounts). 

An example in illustration thereof . 

110}. Having invested }, if, \ (respectively), and having 
bought and sold (the same commodity), and with i as the remnant 
price, three merchants became possessors of equal salc-procccda 
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(iii the end,. What is the buying price, what is the selling price, 
and what the equal sale-amount ?) 

Ihe rule for arriving at (the solution of a problem wherein) 
optionally chosen quantities (are) bestowed in optionally chosen 
multiplos for an optionally chosen number of times : — 

111}. Let the penultimate quantity be added to tho ufiimate 
quantity as divided by its own corresponding multiple number, 
and lot tho result of this operation be divided by that (multiple 
number which is associated with this) penultimate quantity (given 
in the problem). What results (from carrying out this operation 
throughout in relation to all the various quantities bestowed) 
happens to be tho (required) original quantity. 


Examples in illustration thereof. 

112} and 113}. A certain lay follower of Jainism went to a 
Jinn temple with four gato-ways, and having taken (with him) 
fragrant llowers offered thorn (thus) in worship with devotion : — 
At tho four gate-ways, they became doubled, thou trebled, then 
quadrupled and thou quintupled (respectively in order.) Tho 
number of llowers offered by him was five at every (gate-way). 
How many were the lotuses (originally takon by him) Y 

111}. Flowors were obtained and offered in worship by 
dovotcos with devotion, the llowers (so offered) being (successively) 
3, 5, 7 and b ; (their corresponding) multiple quantities being }, 

} and (in order. Find out the original number of flowers). 

Thus ends proportionate division in this chapter on mixed 
problems. 
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Vnllikh-kuttikaia. 

Hereafter we shall explain the process of calculation known as 
Val/ikd-knWkdra *: — 

The rule underlying the process of calculation known as 
Vallikc^ 'm relation to Kuttlkdra (which is a special kind of division 
or distribution) : — 

115-J. Divide the (given) group-number by the (givon) 
divisor; discard the first quotient; thou put down one below the 
other the (various) quotients obtained by the successive division 
(of tho various resulting divisors by tho various resulting remain- 
ders ; again), put down below this tho optionally chosen number, 


# It in so called because the method i«f kufftkara explained in the rule in 
baaed upon a creeperliko chain of figures. 

116$. The rule will become olear from the following working of the problem 
in stanra No. 117b 

Here it is stated that <13 heaps of plantains together with 7 separate fruit* 
are exactly divisible among 23 persons ; it is required fo find out the unrulier of 
fruits in a heap. Hero the 63 is called the ‘ group-number \ and f ho numerical 
value of the fruits contained in each heap is calk'd I he 1 group-value * ; and it is 
this latter which lu^ to be found out. 

Now, according to the rule, we divide first I ho riiti, or group-number 08, by 
the chi-da or the divisor 23 ; and then wo continue the process of division as in 
finding out U.C.F. of two numbers 

23)03(2 

40 

17)23(1 
17 

0)17(2 
12 

:>)e;i 

5 

1)6(4 
4 

1 

Hero we atop the division 
with tho fifth remainder as it 
ia tho leact remainder in the 
odd position of order in the 
aeries of division* carried out 
here. 


Hen*, the first quotient. 2 is discarded; the other 
quotients an* written down in a line ohm below the 
other as in the margin ; Mien we have to choose 
] such a number as, when multiplied by tho last 

2 remainder 1, and them combined with 7, (the 

1 number of serrate fruits givon in the problem,) 

4 will be divisible by the last divisor 1. We 

accordingly choose 1, which is written down 
below the last figure* in thu chain; and below 
• this chosen mimj»er, again, is written down the 
quotient obtained in tho above division with 
the help of tho chosen number. 
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with which the least remainder in the odd position of order (in 
the above-mentioned process of successive division) is to be multi- 
plied ; and (then put down) below (this again) this product 
increased or decreased (as the case may be by the given inown 
number) and then divided (by the last divisor in the above men- 
tioned process of successive division. Thus the Vallika or the 
creeper-like chain of figures is obtained. In this) the sum 
obtained by adding (the lowormost number in the chain) to the 
product obtained by multiplying the number above it with the 
number (immediately) above (this upper number, this process 
of addition boing in the same vray continued till the whole 
chain is exhausted,) this sum, is to he divided by the (originally 


Thus wo got tho chain or Vallika noted in the first column of figures in the 
margin. Then wo multiply the penultimate figure below in 
1 -61 tho ohaiu, viz., 1, by 4, which is above it., and add 8, the last 

2—38 number in the chain ; the resulting 12 is written down so as 

1—13 to he in tho place corresponding to 4 ; then multiplying this 

4—12 12 by 1 which is the figure above it. in the creeper chain, i.nd 

1 adding 1, tho figure similarly below it., we get 13 in the piece 

8 of 1 ; proceeding in the same manner 38 and 51 are obtained 

in the places of 2 and 1 respectively. This 61 is divided by 
23, the divisor in tho problem; and tho remainder 5 is seen to bo the least 
nnmbor of fruits in a bunch. 

The rationale of tho rulo will bo dear from the following algebraical repre- 
sentation 

+ -A = y (an integer) — 7 j.it + p x , whero p t — 

A A 

x = (whero fj ~ // — Aq x the first remainder) 

and q z is the second quotient and 


= q^pi + P;, whore p« = 

r i 


r 3 the second remainder. 

Hence, p x = * 


+ p 3 , whero p s 


— r *V: + b 


and is tho 


third quotient and r 3 tho third remainder 


Similarly, p % = IrJ&H -. = q i p s + p 4 , where p 4 = 

r ! 's 

Pi = r * Vl + h = <lt r< + Ps. where p s — 

U r 4 

Thus wo have, m = q t p\ + ps ; 

P\~<ltPt + P»; 

Pi = 74 Vi + pa 
Pt 5=3 Qf Pi + Pf> 



CHAPTER ▼!— MIXED PROBLEMS. 


119 


given) divisor. (The remainder in this last division becomes the 
malfciplier with which the originally given group-number is to be 
multiplied for the purpose of arriving at the quantity which is to 
be divided or distributed in the manner indicated in the problem. 
Where, however, the given group-numbers, increased or decreased 
iu moro than one way, are to bo divided or distributed in more 
than ou<? proportion,) the divisor related to the larger gronp-vnluo, 
(arrived at as explained above in relation to either of two specified 
distributions), is to be divided (as above) by the divisor (related to 


By choosing a value* for />|SUoh that ^ 1 ^ \ which in, un shown above, the 

»* 

value of pt, becomes :m integer, und by uirungiug in n chain */..,</>, 74. >fr, Vi 
and pf, wo get al the value of .r hy proceeding as staled in tho rule, that in, hy 
tho processes of multiplieut ion hy tho upper quantity and tho addition 01 ' tin* 
lower quantity in tho ohain, which an* earned up to the topmost quantity. Tin* 
value of * so obtained in divided by J, and tin* remainder represents the least 

value of X \ for the values of x which satisfy the o(|u:ilion, ^ + ^ s=a an integer, 

A 

nro all in an arithmetical progression wherein the common difference in A. 

This sumo rule contemplates problems where two or more eondit ion* im* given, 
saoh as tho problems given in stanza* l2lf to \2\*L 't he problem in 121 i may be 
thus worked out according to (ho rule It is given that a heap of I mils when 
diminished hv 7 is exactly divisible among 8 »nen, and (he mime heap when 
diminished hy 3 is exaeily divisible among 1 1 men. 

Now, according to the method already given, find mil. fir»t tin* least nuroher 
of fruit , 1 that will satisfy the first. rendition, and then find out the inimher of 
fruits that will satisfy the Kocond condition. Thus wo get. I In* group-valuss 15 
and 16 respectively. Now, the divisor related t o the larger group-valuo is divided 
as before by that related to the smaller group-value to obtain a fresh ralUkn 
chain. Thus dividing 111 hy 8 and continuing the division, we havn 

1 this the Vallikd chain comes out thus. Choos- 
tho mull, and adding the difference between the 
two group-values already arrived at, that is, 
Id 15, or 1, to the product, of the matt and tho 
last divisor, end dividing this sum hy the last 
divisor, wo have 2, which is to la* written down 
below the ?n<di in the Vallikd chain. Then pro- 
eeeding as before with tin.* vallikd, wo got II, 
which, when divided hy the first divisor 8, 
loaves the remainder 3. This is multiplied hy 
the divisor related to the larger group. valti#, 
vis., 13, and then is combined with the larger 
group-value. Thus (5 is the nom' or of fruits iu 
tho heap. 

J 


8)13(1 

8 

6)8(1 


3)8(1 

3 

2)3(1 

2 


Fro 11 
ing 1 us 

1 

1 

1 

I 

1 


1)2(1 
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the smaller group-value, so that a creeper-like chaifa of successive 
quotients may be obtained in this case also as before. Below the 
lowermost quotient in this chain, the optionally chosen multiplier 
of the least remainder in the odd position of order in this last 
successive division is to be put down ; and below this again is to 
be put down the number which is obtained by) adding the 
difference between the two group- values (already referred to) to 
the product v (of the least remainder in the last odd position- of 
order multiplied by the above optionally chosen multiplier thereof, 
and then by dividing the resulting sum by the last divisor in the 


The rationale of this process will be clear from the following considerations : — 

nr 1 ,.v Hi i + ii . . . /..v Ho x + b 2 . . , , 

We have (1) is an integer j (n) — — * is an integer; and 

A x A 2 

(iii) x t J* 8 . in an integer. In (i) Lot the lowest value of x = a,. 

At 

In (ii) „ „ „ x = so. 

In (iii) „ ,, „ * = s s . 

(iv) When both (1) and (ii) are to be satisfied, (LI, + has to ho equal to 


U, + Sgj so that jq — h.j =s 7rA 3 — d/4,. That is, 


__ kt 


From (iv), which is an indeterminate equation with the values of d nnd k 
unknown, we arrive, according to what lias been already proved, at the lowest 
positive integral value of d. This value of d multiplied by A it and then increased 
by *i, gives tho value of x wliicli will satisfy (i) nnd (ii). 

Let this bo fi ; and let the next higher vnlue of x which will satisfy both 
these equations be t 2 . 

(v) Now, <i + nAi = t 2 ; 

(vi) and t, + m A 2 = t 2 , 

^ = ~ . Thus — mp, and A 2 = np, where p is the highest 

common factor hot ween A l and A 2 . 

A\ , A 2 
m = - , and n = - . 

P V 

Substituting in (v) or (vi), we have 
A, A 2 


b + 


= b* 


From this it is obvious that, tbo next higher value of x satisfying the two 
equations is obtained by adding the least common multiple of A\ and A 2 to the 
lower value. 

Now again, let v be tho value of x which satisfies all the three equations. 

A A 

Then v = t, + -* 1 * r, (where r is a positive integer) — (say) ti + Ur • 

and v = #j + cAt = b + Jr. 

c Ai + ><j - f, 

rac 7 * 
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above division chain, Tima the creeper-like chain of figures 
required for tho solution of this latter combined problem is 
obtained. This chain is to be dealt with as before from below 
upwards, and the resulting number is to bo divided as bofore by 
the first divisor in this last division chain. Tho remainder obtained 
in this operation is then) to bo multiplied by the divisor (rolated 
to the ‘larger group-value, and to tho resulting produot, this) 
larger group-value is to be uddet. (Tims tho value of the 
required multiplier of. the given groupmumber is obtained; and 
this will satisfy both the specified distributions taken together 
into consideration). 


fix’tmph'3 in i/l us fra (ton (hereof. 

1 Hi| Into the bright and refreshing outskirts of a forest, 
which were full of numerous trees with tlici rebranches bent down 
with the weight of flowers and fruits, trees such as jambti trees, 
limo trees, plantains, arena palms, jack trees, date-palms, hintala 
trees, palmyras, punmhju trees and mango trees (into the 
outskirts', the various quarters whereof wi re filled with the many 
sounds of crowds of parrots ami cuckoos found near springs 
containing lotuses with bees roaming about them — (iuto such 
forest outskirts) a number of weary travellers entered with joy. 

117J. (Then* were) (id (numerically equal) heaps of plantain 
fruits put together and combined with 7 (more) of those same 
fruits; and these were (equally) distributed among 2d traveller* 
so as to leave no remainder. You t<dl (me now) tho (numerical) 
measure of a heap (of plantains.) 

1 1 8 i . Again, in relation, to 12 (numerically equal) heaps of 
pomegranates, which, after having licen put together and 


Hy applying the principle of vallikd-kuftlirdrn in t h« lust equation, ths 
Valeo of c i« obtain© I. ami theme tin* value of v ©an U* easily arrived al- 
ii in M*©n from thin tlinf , when, in nr<li*r to find out v, wo deal with and f, 
in Bcounlnnw with tho kuffibtra method, the ch?da or tho divisor to b© taken So 

relation to lj is <>r tho loaal common multiple of I he divisor* in *h o first, 

p 

two equations. \ 


10 
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combined with 5 of those (same fruits), were distributed similarly 
among 19 travellers. Give out the (numerical) measure of (any) 
one (heap). 

119*. A traveller sees heaps of mangoes (equal in numerical 
value), and makes 31 heaps less by 3 (fruits); and when the 
remainder (of those 31 heaps) is (equally) divided among 73 
men, there is no remainder. Give out the numerical value of 
one (of theso heaps). 

120 In the forest 37 heaps of wood-apples were seen by 
the travellers. After 17 fruits were removed (therefrom, the 
remainder) was (oqually) divided among 79 persons (so as to leave 
no remainder). What is the share obtained by each P 

121*. When, after seeing a heap of mangoes in the forest and 
removing 7 fruits (thorefrom), it was divided equally among 8 of 
the travellers ; ami when again after removing 3 (fruits) from 
Jhat (same) heap it was (equally) divided among 13 of them ; it 
left no remainder (in both cases;. 0 arithmetician, tell me (the 
numerical measure of this) single heap. 

122*-. A single heap of wood-apples divided among 2, 3, 4, or 
5 (persons) leaves 1 as remainder (in each case). 0 you who 
kuow arithmetic, tell me tho (numerical) measure of that (heap). 

123*. When (divided) by 2, tho remainder is l ; when by 3, 
it is 2 ; when by 4, it is 3 ; when by 5, it is 4. Tell me, O friend, 
what this heap is. 

124*. Wlion (divided) by 2, the remainder is 1 ; when by 3, 
there is no remainder ; when by 4, it is 3 ; when by 5, it is 4. 
Toll me, 0 friend, what tho heap is (in numerical value). 

125*. When divided by 2, there is no remainder; when by 3, 
there is 1 as remainder ; when by 4, there is no remainder ; and 
when by 5, there is one as remuiudor. What is this quantity ? 

120*. When dividod by 2 (the remainder is) 1 ; when by 3, 
there is no remainder ; when by 4, (tho remainder is) 3 ; and 
when divided by 5, there is no remainder Tell me now what 
(this) quantity is. 

127*. The travellers saw on the way cortain (equal) heaps of 
jambu fruits. Of them, 2 (heaps) were equally divided among 9 



/ 
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ascetics and left 3 (fruits) as remainder. Again 3 (heaps) were 
(similarly) divided among 1 1 persons, and the remainder was 5 
fruits; then again 5 of those heaps were similarly divided among 
7, and there were 4 more fruits (left out) of them. 0 you arith- 
metician who know the meaning of the kufflkara process of dis- 
tribution, toll me after thinking out well the numerical measure 
of a heap (hero) 

1284. In the interior of the forest, 3 heaps (equal in value) of 
pomegranates were divided /equally) among 7 travellers, leaving 
•1 (fruit) as remainder; 7 (of such heaps) wen' divided (similarly) 
among 9, leaving n remainder of 3 (fruits ; again) 5 (of such heaps) 
wero (similarly) divided among 8, leaving 2 fruits ns remainder. 
0 arithmetician, what (is the numerical value of a heap here). 

129J. There were f> (heaps of fruits equal in numerical value), 
which after being combined with 2 (fruits of the same kind) were 
(equally) divided among 9 travellers (and lefj no remainder); 
d (heaps) combined with d (fruits) were (similarly) divided 
among 8 of them; and 4 (heaps) combined with 1 ( fruit) were (also 
similarly) divided among 7 of them, (live out the numerical 
measure (of a heap here). 

The rule for arriving at the original quantity distributed (as 
desired), after obtaining the remainder dim to (the removal of 
certain specified) known quantities : 

1304- (Obtain) the product of the (given) known quantity (to 
bo removed), as multiplied by the fractional proportion of wliat is 
]oft (after a specified fractional part of what remains on the 
removal of the given known quantity Jins been given a\$ty). The 
next quantity is (obtained by means of) this (product), to whioh 

130$. Lloro the known quantity to he removed in called tlm aym. What 
remain* ufter tho removal of tlu> ajt a is the lemtrnder That fiaet.ion of thin 
remainder which in given or taken away i* tin* and what, in left of th* 

remainder after the oyrdiiaa i« given nr taken away >* the *Vri din fa or the 
remaining fractional proportion of tho icinaindor. For example, wh»*re r in the 
quantity to be found out. and a i« the a>jra in relation to the firnl dixtrihotn o 

with } a* the fractional proportion distributed,. * a happen* to bn the aydrifa, 
and (* — a) — to be the iefd mia, 

I 
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the specified known quantity which is to he taken away (from 
the previous remainder) is added ; (and this resulting sum) is 
multiplied by that (same kind of) remaining fractional proportion 
(of the remainder as has boon mentioned above). This is to bo 
done as many times as thero are distributions to be made. Then 
these quantities so obtained should be deprived of their denomina- 
tors ; and these denominator-less quantities (and the successive 
products of tho above-mentioned remaining fi actional proportions 
of the remainder) aro (to be used as) the known quantity and the 
(other elements, viz., the coefficient! multiple (of the unknown, 
quantity and the divisor, required in relation to a problem on 
VaUikd-kuttikara ) . 

Examples in illustration thereof. 

1*31 On a certain man bringing mango fruits (home, his) 
elder son took one fruit first and then half of what remained. 
(On the elder son going away after doing this), the younger (son) 
did similarly (with what was left there. He further took half 


The rulo will bo dear from the following- working of tho problem in 1.32$-- 

133$ :r— 

Here 1 in tho first agra , mid $ is the lirst agrdiida ; therefore 1 — $ or \ is 
tho iepdma. Now, obtain tho produet of agra and ihd dsa or 1 x * or jj. Write it 


down in 2 places, |j • j 

Repeat, the quantities {J } ; add the second agra 1 (to one of the quantities) 
Then we have ( i] » multiply both by the next ihdrna 1 — 3 or so that you get 

tYl . ‘ 


Take these figures and add tho third agra] as before j and you have 
f VI > multiply by the next iegama I -3 or $ and by (he last a»$a or l ; and 

ri”! 

you have j In 

The denominators of the first, fractions in these three sets of fractions 
marked I, II, III, arc dropped, and the numerators represent, negative agras in 
a problem ou YallUd^uftlkdra^ wherein the numerator and tho denominator of 
each of the second fractions in those sets represent respectively the dividend 
ooeftioionts and the divisor. Thus wc have 

JifLzJLia an integer j 10 is an integer ; and-5i~lJ?~ is an integer. 

8 9 81 

The value of # satisfying these tbieo conditions gives the number of flower*. 
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of what was thereafter left) ; mid the other (son) took t ho other 
half. (Kind the number of fruits brought by the father.) 

132J and 13:|{. A certain person went (with Hewers) into a 
Jma temple which was (in height) three times the height of a man. 
At first ho offered ono (out of those flowers) in worship at the foot 
of the Jina and then (offered in worship) one-third of the remaining 
nnmbof (of flowers) totlie first height-measuro (of the.lina). Out 
of tho remaining two-thirds ( of the number of flowers, ho conduc- 
ted worship) m the same manner in relation to the second height- 
measure ; and (then he dull tho same thing in relation jo the third 
height-measure also. The two -thirds which remained at lust were 
also made into b equal parts (by him) ; and having win-shipped 
tho 24 lirt/hu'ikiirii.s (wit li these pails at the rata of eight 
tb-thui,kara* for each part), he went away with no (flower) on 
hand. (Find out the number of flowers taken hy him.) 

Thus ends simple KnllVinr.i in this chapter on mixed problems. 


* Y isn nt a -A* uttjknvn. 

Hereafter wo shall expound complex huHiknni. 

Tho rulo relating to complex knit dura 

134J. Tho (given) divisor, (written down) in (wo ( places ), into 
bo multiplied tin oaoli place) hy an optionally oIiohoji nnniher ; and 
tho (known) quantity given fin tln« problem ) for the purposo of 
boing addod is to bo subtracted (from the product in ono of these 
places) ; and tho quantity given (in the problem) for tho purpose 
of boing subtracted is to be added (to the product noted down in 
the othor place. The two quantities thus obtained are) to ho 
divided by the known (coefficient) multiplier (of tho unknown 


♦The words Vifamn and Iihinna horn u*ud in rotation to Kuffi/aru hum 
obvioutdy the* Kamo meaning and r«fe*r to the* fractions! character of the* dividend 
quantities occurring in tho problems coutemplated by the rule. 
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quantities to be distributed in accordance with the problem). Eaoh 
(of the quotients so obtained) happens to be the required (quantity 
which is to be multiplied by the given) multiplier in the process 
of Bhinnakuttlkara .* 

An example in illustration thereof \ 

135£. A certain quantity multiplied by 6, (then) increased by 
10 and (then) divided by 9 leaves no remainder. Similarly, (u 
certain other quantity multiplied by fi, then) diminished by 10 (and 
then divided by 9 leaves no remainder). Tell me quickly what 
those two quantities are (which are thus multiplied by the given 
multiplier here). 


Sakala -k u ttikara . 

Tho rulo in relation to sakala-kutfikdm. 

136J. Tho quotient in tho first among tho divisions, carried on 
by means of the dividend-coefficient (of tho unknown quantity to 
bo distributed), as well as by means of the divisor and the (succes- 
sively) resulting remainders, is to be discarded. The other quotients 
obtained by means of this mutual division (carried on till the 
divisor ami the remainder become equal) are to be written down 
(in a vortical chain along with the ultimately equal remainder 
and divisor) ; to the lowermost figure (in this chain), tho remainder 
(obtained by dividing the given kuown quantity in the problem by 
the divisor therein), is to bo added. (Then by means of these num- 
bers in the chain), the sum, (which has to be) obtained by adding 
(successively to the lowermost number) the product of tho two 


136jh This rulo will become clear from the following working of the problem 
given in 137 A : — 

The problem i», when i« an integer, to find ont the valnca of <r. 

Removing the common faotora, we have is an integer. 
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numbers immediately above it, (till the topmost figure in the chain 
becomes included in tho operation) , is to he arrived at. (Thereafter) 
this resulting sum and tho divisor i'i tho problem (give rise), in the 
shape ^of two remainders, (to the two vaIuos of) the unknown 
quantity (which is to be multiplied by the given dividend-coefficient 
in the problem), which (values)aro related either to tho known given 
quantity that is to he added or to the known given quantity that 
is to be subtracted, according as the numlter of figure-links in the 
above-mentioned chain of quotients is even or odd. (Where, 
however, the given groups, increased or decreased in more 
than one wav, are to he divided or distributed in more than one 
proportion), the divisor related to the larger group-value, (arrived 
at os explained above in relation to either two specified distri- 
butions), is to he divided over end over (as above by the divisor 


Carry out tin* required pm 
07)59(0 


of continued division ■ 


69)07(1 

59 


* fu iif ijijni jcni , i lie others an* written 


9)59(7 

50 

3)8(2 

0 


2)3(1 

2 

1)2(1 

1 

) 


1 

1 

1 

1 + 13 


Al ter «1 ini'Hi'd in« 4 * I In 
down in n I'lmin t Inin : 

I liolovt this are next vviifu n down 1 ami I » 

tin* luvt. ivjinl oivjoor mid romitiiidni-. Horn 
ulso, its in YtiUtka -kuftikrira, it in worthy 
of n<»to tint in the hint division them eim ho 
really no remainder, us 2 is folly divisible 
hy 1. Hot Minn* flu* luit remainder j« 
1+ wanted for tin* chain, it is allowed to occur 
hy milking the hist, quotient smaller than 
possible. Aiul to the list- ntnnhcr 1 hero, udd 
13, whh'h is tin* remainder obtained by 
dividing HO \y 07 ; the I t so obtained is 
also written down lit the bottom of the chain, 
which now becomes complete. 

Now, by the continued processor multiplying mid adding the figures in this 
chain, an already explained in the note under sluiiia No. 115|, 
we arrive at 692. Thin ih then divided hy 07 ; and tho remain* 
tier 57 is one of Iho value* of r, when HO ii taken as negative 
owing to the number of figuri * in the. chain lieing odd. When 
HO in taken m positive, the value of x is 07 - 57 or JO. If the 
number of figures in the chain happen to he even, th#n the 
value of x lirrt arrived at is in relation to the positive ugra , 
if thi.< value 1 m* u .t meted fiom the divisor, the value of * in 
relation to a negative ugra is arrived at, 


1 — 392 
7 — 346 

2 — P 
1 — 10 

I — 15 
1 

U 
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related to the smaller group-value obtained as above so that a 
creepor-like chain of successive quotients may be obtained in this 
Ouse also. Below the lowermost quotient in this chain the 
optionally chosen multiplier of tho least remainder in the odd 
position of order in this last successive division is to be put down 


Tho principle underlying tho process given in tho rnlo is tho same ob that 
explained in tho rale regarding Vallikd-kuttlkdra — but with this difference, 
namely, that the last t.wo ligaros in tho chain hero are obtained in a different wny. 

Again, from tho rationale given in tho footnoto to rule in 115$, Oh. VJj 
it will ho soon that the ayra, b , associated with tho remainder in tho odd position 
of order, has tho same algebraical sign as is given to it in the problem ; 
while the sign of tho a ira, b, associated with the remainder in tho oven position of 
order is opposite to its sign as given in tho problem. Hence, when the 
continued division is carried up to a remainder in the odd position of order, the 
value of x arrived at therefrom is in relation fc > "iieh an ay ra ns lias its sign 
unchanged; on tho other hand, when the continued division is carried up to a 
remainder in the even position of order, tho value of x arrived at therefrom is in 
relation to an ayra that has its sign changed. When tho number of remainders 
obtained is odd, the number of quotients in the chain is oven ; and when tho 
remainders are even, the quotients are odd in number. As tho agra associated 
with the last remainder is in this rulo always taken to be positive, the value of 
x arrived at is in relation to the positive agra, if the last, remainder happens to 
be in the odd position of order. And it is in relation to the negative ayra, if the 
last remainder happens to In* in tho even position of order. In other words, if 
tho number of quotients be oven, the value, is in relation to tho positive uyra ; 
and if the number of quotients be odd, it is in relation to the negative ayra. 

• The value of x in relation to the positive ortho negative agra being thus 
found out, tho other value is arrived at by subtracting this value from tho 
divisor in the problem. How this turns out. will be clear from the following 
representation: — 

- X * ^ = an integer. Here lot ;r ~ c ; then ^ — an integer We 

, t All • , • . ,, AB Ac + b A(B — c) -b . 

know that — is also an integer. Hence — or — i is an 

It HUB 

integer. 

It has to be noted hero that the common factor, if any, of the throe given 
numerical quantities is to be removed before the operation of continued division 
is begun. The last d. visor and the ust remainder Iwing required to bo equal 
it will invariably happen that these come to be 1. 

Tho mart, required to be chosen in the rule relat ing to the Vallikd-kuttikdra 
and required to be written below the chain of quotients, is in this rulo always 1, 
the last divisor being 1. Therefore the last divisor hero takes the place c.f the 
nxati in the V all ika-kutfi Kara. It will he 8 on further that the last figure of 
the chain obtained according to this rub*. I + ««/*.», is the same as the last 
figure in the chain obtained in the YaUikd-kitfikdta by dividing by tho last 
divisor lb* sum of th° ayreeudile product of the nidi i as multiplied by the 
last remainder. 
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as before ; and below this again is to bo put down) tbo nmnbor 
which is obtained by adding the difference between the two 
group-values, (already referred to, to the product of the least 
remainder in the odd position of order multiplied by the above 
optionally chosen multiplier thereof, and then by dividing 
this resulting sum by the last divisor in the above division 
chain. # 

Thus the creeper like chain of figures required for the solution 
of this latter kind of problem is obtained. This chain is to ho 
dealt with as before from below upwards, and the resulting 
number is to be divided is before by the first divisor in this last 
division chain. The remainder obtained in this operation is then 
to he) multiplied bv the divisor (related to the larger group-value) » 
and to the resulting product this larger group-value is to bo 
added. 

(Thus the value of the required multiplier oKIm given group 
number is obtained so as to satisfy the two specified distributions 
taken into consideration.) 


Example* in il lustration thereof. 

137 i(. One hundred and seventy-seven (is the dividend-co- 
efficient of the unknown factor), 210 is the known quantity 
associated (with the product so ns to he added to or subtracted 
from it); the wholo is divided by ‘01 (and leaves no remainder). 
What is the (unknown) factor horn (with which tbo given dividend- 
coefficient is to be multiplied ) ? 

138]. Thirty-five and other quantities, HI in number, rising 
(thence successively in value) by 3, fare the given dividond-oo- 
efficients). The given divisors arc 32 (and others) as .successively 
increased by 2. ’And l successively increased by <3 gives rise to the 
associated known (positive and negative) quantities. "hat are 
the values of tbo (unknown) factors (of the known dividend- 
coefficient s), according as they are additively associated with ^ 
positive or negative (known) u limiters 't 


17 
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The rule for separating the prices of (an interchangeable) larger 
and (a similar) smaller number of two different things from the 
given mixed sums of the prices of these things : — 

139J. From the higher price-sum, as multiplied by the corre- 
sponding larger number of one of the two kinds of things, subtract 
the lower price-number as multiplied by the smaller number 
relating to the other of the two kinds of things. Then divide the 
result by the difference between the squares of the numbers 
relating to these things. This gives rise to tho prico of the thing 
which is larger in number. The other, that is, the price of the 
thing which is smaller in number, is obtained by interchanging 
the multipliers. 

An example in illustration thereof. 

140| to 142J. The mixed price of 9 citrons and 7 fragrant 
wood-apples is 107 ; again tho mixed price of 7 citrons and 9 
fragrant wood-apples is 101. Oyou arithmetician, tell me quickly 
tho prico of a citron and of a wood-apple hero, having distinctly 
separated those prices well. 

Tho rule for separating the prices and the numbers of different 
mixed quantities of different kinds of things from their given 
mixed price and given mixed values : — 

143$. The (different) given (mixed) quantities (of the different 
things) are to be multiplied by an optionally chosen number; the 
givon (mixed) prico (of these mixed quantities) is to bo diminished 
(by tho value of these products separately). Tho resulting quantities 


139$. Algebraically, if 
ax + by = m* 
and bx f ay = v, 
then a* so +• a5?/ = am 
and b*M + aby — bn. 

— b a )~am - bn. 

um — 5a 

*’* X 6* 

143$. The rule will become clear by the following- working- of the problem in 
stanc&i 144J and 146J : — 

The total number of fruits in the first heap is 21. 

Do. do. second do. 22. 

Do. do. third do. 23. 



chapter vi— mixed problems. 


131 


are to he divided (ouo after another) by an optionally chosen number 
(and the remainders again are to bo divided by an optionally chosen 
number, this process being repeated) over and over again. The 
given (mixed) quantities of the different things are to be (succes- 
sively) diminished by the corresponding quotients in the above 
proooss. (In this manner the numerical values of tho various 
things in tho mixed sums are arrived at). The optionally ohoBen 
divisors (in tho above processes of continued division) combined 
with tho optionally chosen multiplier as also that multiplier 
constitute (respectively) the prices (of a singlo thing in each 
of the varieties of the given different things). 


t'hooso any optional number, s.iy 2, and multiply with it those total number*; 
we get 42, 14, 40. Subtract these from 73, 1 ho price oi the respective heap*. Tho 
remainders are 31,20, and 27. These uro t.o he divided by another optionally 
chosen number, nay 8. The quotients are 3, 3, 3, and the remainders are 7,5 
and 3. These remainder!* are again divided by a third optionally chosen number 
nay 2. The quotients are 3, 2, 1, and the remainders tire 1, 1, 1. These lost 
remainders are in their turn divided by a fourth optionally chosen number 
which is 1 here. The quotients are I, I, l with no remainders. The quotient* 
derived in relation to the first total number are to he subtracted from it* 
Thus we get 21 -(3 + 3+1) - 11; this number and the quotients 3, 3, 1 
represent the number of fruits of the different sorts in the lirst heap. 
Similarly wo got in the second gr.up 10, 3, 2, 1, and in the third gioup 18, 8, 1, 
1, as the number of tho different sorts of fruits. 

The prices ere the lirst chosen multiplier, viz., 2, and its sums with the 
other optionally chosen multipliers. Thus we get, 2, 2 + H or 10, 2 + 2 or 4, and 
2 + 1 or 3, a* the priee of each of tlm four different hinds of fruits in order. 

Tho principle underlying this .• ethod will he clear fioru tho followirg 
algebraical representation : - 

ax + b\) + cz + dtc — p 1 

a + b + c + d =» n Jl 

Let vo = *. M 

Multipljing II by wo havo * (a f 5 + < +d ) - *n III 

Subtracting 111 from I, we get. a (x~*) + b (y-*) + c (*-*) — 

IV 

Dividing IV by x~*, wc get a as the quotient, and My-*) * cf«-*)a* 
the remainder, where * — * a suit able integer. 

Similarly wo proceed till the end. 

Thu* it will bo seen that the successively chosen divisor* i *, y *, and 

g I' when combined with *, give the value of the various prices, « by itself 

being the price of the first thing ; and > hat the successive quotients a, b,r, t along 
with n - {a + l> +<) are the numbers measuring the various kinds of things. 

It may be noted that, in this role, the number of divisions to he carriei out is 
one less than the number of the kinds of things given, and that^tbme shoaltf 
be no remainder left in the last division. 
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An example in illustration thereof. 

144^ and 145J. There are here fragrant citrons, plantains, 
wood-apples and pomegranates mixed up (in three heaps). The 
number of fruits in the first (heap) is 21, in the second 22, and in 
the third 23. 'The combined price of each of these (heaps) is 73. 
What is the number of the (various) fruits (in each of the heaps), 
and what the price (of the different varieties of fruits) ? 

The rule for arriving at the numerical value of the prices of 
dearer and cheaper things (respectively) from the given mixed 
value (of their total price) : — 

146£. Divide (the rate-quantities of the given things) by their 
rate-prices. Diminish (these resulting quantities separately) by 
the least among them. Then multiply by the least (of the above- 
mentioned quotient-quantities) the given mixed price of all the 
things ; and subtract (this product) from the given (total number 
of the various) things. Then split up (this remainder optionally) 
into as many (bit’s as thore arc remainders of tho above quotient- 
quautitios left after subtraction); and then divido (theso bits by 
those remainders of the quotient-quantities. Thus the prices of 
the various cheaper things are arrived at). These, separated from 
the total price, give riso to the price of tho dearest article of 
purchase. 


Examples in illustration thereof. 

147 ^ to 149. “ In aooordancc with tho rates of 3 peacocks for 
2 panas, 4 pigoons for 3 panas } 5 swans for 4 panas , and 6 sdrasa 


146$. Tho rule will be dear from t.he following working of tho problem 
givon in 147$ — 140 . 

Divido tho rate-quantities 3, 4, 5, G by the respective rate-price* 2, 3, 4, 5 ; 
thus wo have f , J, Subtract the least of those £ from each cf tho other throe. 

Wo got fo, iu. lly multiplying tho given mixed price, 56, l»y the above- 

mentioned least quantity, §, we lmvo hC x J, Subtract ihi* from the total 
number of bitds, 72. Split up the remainder $ 4 into any three parr,*, say 
Dividing these respectively by if, fj, i? wo get the prices of the first three 
kinds of birdfc V» 12, 36. The price of the fourth variety of birds can be found 
out by subtracting all these three prices from the total 36. 
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birds for 5 panas , purchase, 0 friend, for 5(5 punas 72 birds and 
bring them (to me) So saving a mail gave over the purohase- 
money (to his friend). Calculate quickly and find out how many 
birds (of each variety he bought) for how many panas. 

150. For d panas, 5 palasoi ginger nro obtained ; for 4 panas y 
11 pahs of long pepper; and for 8 pana$ y l pah of pepper is 
obtained By means of the purchase-money of 60 panas t quickly 
obtain 68 palas (of these drugs). 

The rule for arriving at tho desired numerical value of certain 
specified objects purchased at dosired rates f<*r desired stuns of 
money as their total price : — 

151. The rate-values (of tho various things purchased are each 
separately) multiplied by the total value (of (he purchase-n oney), 
and the various values of the rate-money are (alike separately) 


151. The followin 

tho 

rule ; - 



5 

7 

0 

3 

a 

5 

7 

•a 

500 

700 

000 

a oo 

300 

500 

700 

POO 

0 

0 

0 

000 

200 

200 

200 

0 

0 

0 

0 

0 

2 

2 

*» 

0 

0 

0 

0 

30 

0 

H 

10 

0 


ho following working of tho problem given in 152-153 will illustrate 


Write down I ho rute-things nml the ratc-priccs in 
two row's, oiio bolow Mio other. Multiply by tho total 
price and by tho total nuinhor of things respectively. 
Then subtract, ftomovo the common factor lOO. Mulli- 
ply by tho chosen numbers 3, 4, (I. Add tho numhon 

iu each horitont.nl row and romovo tho common factor (J: 
Change tho position of thoKO figures, mid writ# down in 
two rows each figure as many times mb there are compo- 
nent elements in the corresponding sum changed in position. 
Multiply tbo two rows by tho rate-prices and the rate* 
things respectively. Then remove the common factor 0, 
Multiply by the already chosen numbers 3, 4, 5, 0. The 
iiumberH in tbo two rows represent tho proportions 
according to which fho total prico and the total number of 
things become distributed. 


fi 

0 

0 

4 

0 

0 

c 

4 

18 

30 

42 

30 

30 

42 

64 

12 

3 

5 

7 

(3 

5 

7 

9 

2 

9 

20 

36 

36 

15 

28 

46 

12 


This rule relates to a problem in indeterminate 
efjuations, and as such, thero mny bo many sets of answers, 
these answers obviously depending upon tbo (junrititios 
chosen optionally as multipliers. 

It can be easily seen that, only when certain sots of 
numbers are chossn as optional multipliers, integral 
answers arc obtained ; iu other cases, fractional answers 
ar« obtained, which are of conrse not wanted. For an 
explanation of the rationale of the pieces, hco tho not* 
given at the cud oithe chapter. 
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multiplied by the total number of things purchased ; (the latter 
products are subtracted in order from the former products ; the 
positive remainders aro all written down in a lino below, the 
negative remainders in a line above ; and all these are reduced to 
their lowest terms by the removal of the factors which are common 
to all of them. Then each of these reduced) differences is multiplied 
by (a separate) optionally chosen quantity ; (then those products 
which are in a line below as well as those which are so above 
are separately added together) ; and the sums are written upside 
down, (the sum of the lower row of numbers being written above 
and the sum of the upper row being written below. '1 hesosums are 
also reduced to the lowest terms by means of the romoval of 
common factors, if any ; and tho resulting quantities) are each 
of them written down twioo, (so as to make one be below the 
other, as often as there aro component dements in the correspond- 
ing alternate sum. These numbers thus arranged in two rows) aro 
multiplied by their respoctivo rato-priccs and rate-values of things, 
(the rate-price multiplication being conducted with one row of 
figuros and the rate-number multiplication being in relation to the 
other row of figures. Tho products so obtained aro again reduced 
to their lowest terms by tho removal of such factors as are com- 
mon to all of them. The resulting figures in oaoh Vertical row aro 
separately) multiplied (caoh) by (moans of its corresponding 
originally choson) optional multiplier. (And tho products should 
be written down as before in two horizontal rows. Tho numbers 
in tho uppor row of products give the proportion in whioh the 
purohaso money is distributed ; thoso in tho lower row of products 
give the proportion in whioh the corresponding things purohasod 
are distributed. Therefore) what remains thereafter is only the 
operation of prak§epak<x-karaiia (proportionate distribution in 
woordancc with rule-of- throe), 

An example in illustration thereof. 

152 and 153. Pigeons are sold at the rate of 5 for 3 ( panas ), 
idrasa birds at the rate of 7 for 5 (panas), swans at the rate of 9 for 7 
jwips*), and peacooks at the rate of 3 for 9 (panas), A oertain man 
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was told to bring at these rates 100 birds for 100 panaa for the 
amusement of the king’s son, and was sent to do so. What 
(amount) does he give for each (of the various kinds of birds that 
he buys) ? 

The rule for arriving at tlio measure of two given commodities 
whose prices are interchanged: — 

154. Lot (tho numerical value of) the sum of the (total selling 
and buying) money-prices (of tho two given commodities) bo 
divided by (the numerical measure of) the sum (of the commodities 
put togother) ; then lot the difference (between thoabovo-mentioned 
buying and selling prices) bo divided by tho (numerical moasuro 
of any such) difference as may bo 'obtained by subtracting any 
optionally chosen commodity-quantity from the given measure of 
the sura of tho given commodities. If tho operation of sahkramann 
is conducted in rotation to these, (viz., tho quotient obtained in the 
first operation above aud any one of tho many quotients that 
may bo obtained in tho second operation), the rates at which 
those commodities are purchased is obtained. Then if the same 
operation of aahkmmana as relating to the sum of tho commodities 
and to thoir difference is carried out, it of course gives riso to (the 
numerical measure of) the commodities (in question). Tho alter- 
nation (of theso above-mentioned purchaso-ratos) givos rise to tho 
sale-rates. This is tho solution of* (this kind of) problems as 
propounded by the learned ; and the rule (itself) has boon declared 
by the great Jina. 


154. The algebraical representation of the method described in the rule may 
be (five n thus in relation to the problem proposed in »funzitn 155 and 16<J- 
Let ax + by “ 101 ... ... ... ... ... J 

ay + bz = 11C II 

a 6 = 20 Ilf 

.Adding I and JI, we huve (a + 5 ) (jc + y) = 220 .. IV 

.*. * 4 y =11 . . V 

Again subtracting I from TJ, we get (a- b) (y — x) — 12 
Now 2b is optionally chosen to be ecpial to (5. 
a + b-2b or a — 6=20-0 or 14 ... ... ... VI 

y — * = if VII 

Carry out the operation of sankramana with reference to VII and V, and 
VI and Hi , aud tho values of x, y, a and b are all made oat. 
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An example in illustration thereof. 

155 and 156. The original price of one. piece of sandalwood 
and one piece of agaru wood, they being together 20 palas (in 
weight), is 104 panas; when after a timo they were sold with 
their prices mutually altered, 116 panas were obtained. You 
give out their buying and selling rates and the numerical measure 
of tne commodities, taking (> and 8 separately as the optional 
(number) needed by the rulo. 

The rulo for arriving at the distance in ydjanas travelled by 
the horses of tho sun's chariot when yoked as desired : — 

157. Tho number representing the total ydjanas, divided by the 
total number of horses, gives the ydjanas (which each has at a stage 
to travol) in turn Thcso ydjanas , as multiplied by the optionally 
chosen number of horses to bo yoked, give the measure of the 
distance to be travelled over by each horse. 

An example in illustration thereof. 

158. It is well-known that tho horses belonging to tho sun’s 
chariot aro 7- Four horses (have to) drag it along, being harnessed 
to tho yoko. They have to do a journey of 70 ydjanas . How 
mauy times are thoy unyoked and how many times yoked (again) 
in four ? 

Tho rule for arriving at the value of tho commodity to be found 
in the hands of each ( of a body of joint proprietors), from the 
jonjoint remainder left after subtracting whatever is desired from 
;he total value of all tho commodities : — 

159. Let the sum (of the values of the conjoint remainders) of 
:ho commodities be divided by the number of men lessened by one ; 
;lie quotient will be tho total value of all the commodities (owned 
n eornmou). This total valuo as diminished by the specified values 
jives (in the corresponding cases) tho value of commodity in the 
lands (of each of the proprietors in turn). 

An example in illustration thereof 

160 to 162. Four merchants who had invested their money m 
lommon were asked oaoh separately by the customs officer what 
he value of the commodity (they^ were dealing in) was ; and one 
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eminent merchant (among them'}, deduoting his own investment, 
said that that (value) was in feet 22. Then another said that it 
was 23 ; then another said 24 ; and the fourth said that it was 27 ; 
(in saying so) each of them deducted his own invested amount 
(from the total value of the commodity for sale). 0 friend, tell 
me separately the value of the (share in the) commodity owned 
by each* 

The rule for arriving at equal amounts of wealth, (as owned 
in precious gems,) after mutually exchanging any desired number 
of goms : — 

163. The number of gems to he given away is multiplied by 
tho total number of men (taking part in the exchange). This 
product is (separately) subtracted from tho number (of tho gems) 
for sale (owned l>v each) ; the continued product of tho remainders 
(so obtained) gives riso to tho value of the gem (in each ooao), 
provided tho remainder relating to it is given up fin obtaining 
such a product). 


Examples in illustration thereof. 

164. Tho first man had 6 azure blue gems (of equal value), the 
second man had 7 (similar) emeralds, and tho other— tho third 
man— had 8 (similar) diamonds. Each (of them), on giving to 
oaoh (of tho others) the valuo of a single gem (owned by 
himself), became equal (in wealth value to the others. What is 
tho value of a gem of each variety ?) 

165 and 166. The first man has 16 azuro-bluo gems, the 
second has 10 emeralds, and the third man lias 8 diamonds. Eaoh 
among them gives to each of the others 2 goms of tho kind owned 
by himself; and then all three men come to be possessed of equal 


103. Let m, », p , be respectively the numbers r»f ihe three kinds of ferns 
owned by three different persons, and <1 the number of gems mutually exohsngod ! 
and let x, y, *, be the value in order of a single gem in tho three varieties 
concerned. 

Then it may be easily found out as required that ' * (n — 3a) (p — 9mi j 

i -m (m — 9s) (« — l«)t 
18 
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wealth. Of what nature are the prioes of those azure-blue gems, 
emeralds, and diamonds ? 

The rule for arriving at the (value of the) invested capital by 
means of the rate of purchase, the rate of sale, and the profit 
obtained 

167. The buying and the selling rate-measures of the com- 
modity are each multiplied alternately by the rate-prices ; (the 
product obtained with the help of) the buying rate-measure is 
divided by (the other product obtained with the aid of) the soiling 
rate-measure. The profit, divided by the resulting quotient as 
diminished by one, gives rise to the originally employed capital 
amount 


An example in illustration thereof . 

168. A merchant buys at tho rato of 7 pro st has of grain for 8 
pams, and sells it at the rate of 9 pradhas for 5 pams, and makes 
a profit of 72 pams. What is the capital employed in this tran- 
saction P 

Thus ends Sakah-kuttikdra in the chapter on mixed problems. 


Su varn a -k uttfkard 

Hereafter wo shall exp] am that kuttikdra which consists of 
calculations relating to gold. 

The rnlo for arri ring at the rarna of the resulting mixed gold 
obtained by putting together (different component varieties of) 
gold of (various) desired varms 

169. It has to be known that tire (sum of the various) produots 
of (the various component quantities of) gold as multiplied by 
(their respective) *arms f whon divided by (the total quantity of) 

167. If the buying rato it a things for b and the selling rate it e things for 
d, and if m it the gtiu by the transaction, then the capital invested it — 
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tho mixod gold ‘gives rise to the (resulting) varrn. (The original 
varna of any component part thereof), when divided by the latter 
resulting varna (of the mixed up whole), and multiplied by the 
(given) quantity of gold (in that component part), gives rise to 
(that) corresponding quantity of (tho mixod) gold ^whioh is equal 
in value to thatsamo component part thereof)* 

* An example in illustration thereof. 

170 to 17 lj. There are 1 part (of gold) of 1 varna, 1 part of 2 
varms , 1 part of 3 varnas , 2 parts of 1 varnas, 1 parts of 5 varnas , 

7 parts of I t varnas. and 8 part s of 1 5 varnas . Throwing thoso into 
the fire, mako them all into one (mass), and then (say^ what the 
varna of the mixod gold is. This mixed gold is distributed among 
the owners of tho foregoing parts. What docs caoh of them got P 

The rule for arriving at the required weight of gold (of any 
desired varna equivalent in value to given quantities of gold) of 
given varnas : — 

1 72 J . Tho given quantities of gold are all (soparatoly) multi- 
plied by their respective varnas , and tho products are atldod. The 
resulting sum is divided by tho total weight of the mixed gold ; 
the quotient is to bo understood as the resulting avorago varna . 
This (above-mentioned sum of tho products) is separately divided 
by the desired varnas (to arrive at the required equivalent weight 
of this gold). 

Examples in illustration thereof. 

173$. Twenty panas (in weight of go hi) of 10 varnas have been 
exchanged for (gold of; 10 varnas in quality; you give out how 
many purdnas (in weight) they become now. 

174$. One hundred and eight (in woight of) gold of 1 1 $ varnas 
is exchanged for (gold of) 14 varnas. What is the (equivalent 
quantity of this new) gold P 

The rule for finding out the unknown varna 

175$. From the product obtained by multiplying the total 
quantity of gold by tho resulting varna of Uie mixture, the sum of 4 
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the products obtained by multiplying the (several component) 
quantities of gold by (their respective varnas) is to bo subtracted. 
The remainder, when divided by the known component quantity of 
gold, (the varna of which is to be found out), gives rise to the 
required varna ; and when dividod by the difference between the 
resulting varna and the known varna (of an unknown component 
quantity of gold) gives rise to the (required weight of that) gold. 

Another rule in relation to the unknown varna 

176£. Tho sum of the products of the (various component 
quantities of) gold as multiplied by their respective varnas is to be 
subtracted from the product of the total quantity of gold as multi- 
plied by the resulting varna. Wise people say that this remainder 
when divided by the weight of the gold of the unknown varna 
gives rise to the required varna. 


Examples in illustration thereof. 

and 178. With gold of 6, 4 and 3 (in weight), characterised 
respectively by 13, 8 and 6 as their varnas , 6 in weight of gold of 
an unkuown varna is mixed. The resulting varna of tho mixed 
gold is 11. 0 you, friend, who know the socrets of calculation, 

tell mo the numerical value of this unknown varna. 

179. Seven in weight (of a given specimen) of gold has exactly 
14 as the measure of its varna ; then 4 in weight (of another specimen 
of gold) is added to it. Tho resulting varna is 10. Give out the 
unknown varna (of this second specimen of gold). 

Tho rule for arriving at the unknown weight of gold 

180. Subtraot the sum, obtained by adding together the 
produots of the (various component quantities of) gold as multiplied 
by their respective varnas, from the produot of the sum (of the 
known weights) of gold as multiplied by the now durable resulting 
varna ; the remainder divided by the difference between the (known) 
varna of the uuknown quantity of gold and the resulting durable 
wrna (of the mixed gold) gives rise to the (weight of) gold. 
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* An example in illustration thereof. 

181. Threo pieces of gdd, of 3 eaoh in weight, and of 2, 3, 
and 4 varnas (respectively), are addod to (an unknown woight of) 
gold of 13 varnas. The resulting varna comes to be 10. Tell 
me, 0 friend, the moasuro (of the unknown weight) of gold. 

The rule for arriving at (the weights of) gold (corresponding 
to two given varnas) from (the known weight and varna of) the 
mixture of two (given specimens of) gold of (given) varnas : 

182. Obtain tho differences between the resulting varna (of the 
mixture on the one hand) and tho known higher and lowor varnas 
(of the unknown component quantities of gold on tho other hand) ; 
divide one by these differences (in order) ; then carry out as before 
the operation of praksepaka (or proportionate distribution with the 
aid of these various quotients). In this manner it is possible to 
arrivo oven at the value of many component quantities of gold also. 


Again, the rule for arriving at (the weights of) gold (corre- 
sponding to two given varnas) from (the known weight and varna 
of) the mixture of two (given specimens of) gold of (given) 
varnas : — 

183. Write down in inverse order tho dilforenoe. between tlio 
resulting varna and the higher (of the two given varna, of the two 
component quantities of gold), and also tho difference between 
the resulting varna and the lower (of the two given varna,). " ho 
result arrived at by means of the operation of proportionate distri- 
bution- (curried out with the aid of these inversely arranged 
differences) , — that (result) gives the required (weights of tho 
component quantities of) gold. 


An example in illustration thereof. 

184 If gold of 10 varna,, on being combined with gold of 16 
produces as result 100 in weight of gold of 12 P" 

out separately (tbo measures in weight of) the two differ® 
varieties of gold. 
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The rule for arriving at the (weights of) many (component 
quantities of) gold (of known varnas in a mixture of known varna 
and weight) 

185. (In relation to all the known component varnas) excepting 
one of them, optionally chosen weights may he adopted. Then 
what remains should be worked out as in relation to the previously 
given cases by moans of the rule hearing upon the (determination 
of an) unknown weight of gold. 

An example in illustration thereof. 

186. The (given) varnas (of the component quantities of gold) 
are[5, 6, 7, 8, 11, and 13 (respectively); and the resulting varna 
is in faot 9 ; and if (the total) weight (of all the component 
quantities) of gold be 60, what may bo the several measures (in 
weight of the various component quantities) of gold ? 

The rule for arriving at the unknown varnas of two (known 
quantities of gold when the resulting varna of the mixture is 
known) 

187. Divido one (separately) by the two (given weights of) 
gold ; multiply (separately each of the quotients thus obtained) by 
(the weight of) the (corresponding quantity of) gold and (also) by 
tho (resulting) varna ; write down (both the products so obtained) 
in two (different) places ; (each of those in each of the two sets,) 
if diminished and increased alternately by one os divided by (the 


185. The role referred to hore is found in stanza 180 above. 

187. Th6 rule will become clear by the following working of the problem in 
stanza 188:-- 

JL x m x i) and x io x it uro written down iu two places 
16 10 

n n 

thnz : n n 

Then ^ and ~ are added and subtracted alternately in each of the two 

£ 

11 “ 18 , These give the two sets of answers. 

11 +15 


“*?- 


sett thus j 
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known weight of) the corresponding (variety of) gold, gives rise 
Eta a matter of course, to tho required varnas. 

An example in illustration thereof. 

188. If, the (component) varnas not being known, tho resulting 
varna obtained by moans of two (different kinds of) gold weighing 
16 and 10 (respectively) happens to be 11, what would bo tho 
(respective) varnas of those two (different kinds of) gold P 

Again, the rule for arriving at tho unknown varnas of two 
(known quantities of gold, when the resulting varna of the mixture 
is known) : — 

189. Choose au optional varna in relation to one (of the two 
given quantities of gold) ; what remains (to In* found out) may then 
be arrived at as before. In relation to (tho known quantities of 
all) the numerous varieties of gold excepting one, varnas are 
optional ; then (proceed) as beforo. 

An example in illustration thereof. 

190. On fusing together (two different kinds of) gold which 
are 12 and 14 (respectively in weight), the resulting varna is 
made out to be 10. Think out and say (what) tho varnas of those 
two (kinds of gold arc). 

An example to illustrate the latter half of the rule. 

191. On fusing together 7, 9, 3, and 10 (in weight respectively 
of four different kinds) of gold, the resulting mixture turns out to 
bo. (gold of) 12 varnas. Give out tie varnas (of the various 
component kinds of gold) separately. 

The rule regarding how to arrive at (au cstimato of the value 
of) the tost sticks (of gold) : — 

192. The varna of every stick is to l>o separately divided by 
the (given) maximum varna , and (tho quotients so obtained) are 
(all) to be added together. The resulting sum gives (tho measure 
of) the required quantity of (pure) gold. From the summed ap 



144 


GANITASlBASANGBAHA. 


(weight of all the) sticks, this is to be subtracted. What remains is 
(the quantity of) the prapuranikd (that is, the quantity of the baser 
metal mixed). 

An example in illustration thereof. 

193 — 1 96 (Three) merchants, well acquainted with the varna 
of gold, were desirous of making test sticks of gold, and produced 
(such) golden sticks. The gold of the first (merchant) was of 12 
varnas \ (that of tho second was of) 14 varnas \ and that of the 
third was of 10 varnas. The (various specimens of the test 
sticks of) gold in the oaso of tho first (merchant) wero (regularly) 
less by 1 (in varna) ; those of the second wero less by \ and \ ; and 
those of the third were (in regular order) less by (The speci- 
mens of test gold) possessed by the first (merchant) began with 
that of (his) maximum varna and ended with that of 1 varna ; 
(similarly, those of tho second began with that of his maximum 
varna and) onded with that of 2 varnas ; and those of the third 
merchant (began with that of his maximum varna and) ended 
with that of 3 varnas. Every tost stick is 1 mam in weight. 0 
mathematician, if you indeed know gold calculation, tell me 
separately and soon what the measure of pure gold here is, and 
what that of the baser metal mixed. 

Tho rule for arriving at (the different weights of) gold ob- 
tained in oxohange and characterised by (two given) varnas : — 

197|. The two differences between, (firstly,) the product of the 
(given weight of) gold to he exohanged as multiplied by the 
(given) varna (thereof) and the product of the weight of gold 
obtainod in exchange as multiplied by the (first of the two speci- 
fied) varnas (of tho exohanged gold) — (and, secondly, between the 
first product above-mentioned and tho product of the weight of 


197$. This role will be clear from the following working of the problem given 
in stanx* 198$ 

700x16-1008x10, and 1009x 12-700x16 are altered in position and 
written down as 896 and 1120; and these, when divided by 12 — 10 or 2, give 
rise to the answers, namely, 448 and 560 in weight of gold of 10 and 12 varf* 
respectively. 



CHAPTER VI— MIXED PROBLEMS. 


146 


gold obtained in exchange as multiplied by tho second of the 
specified vuniat of tho exchanged gold -those two differences) have 
to be written down. If thou, they are altered in position and 
divided hy the difference between the (two specified) vunas (of 
the two varieties) of the oxobungod gold, tho result happens to he 
tho (two required) quantities (of the two kinds) ol gold (obtained 
in exchange). 

An wimple in ill nutrition thereof. 

lflB^. Seven hundred in weight ot gold characterised hy 10 
v arms produces, on being exchanged, 1,008 ^ in weight) of two 
kinds of gold characterised (respectively) by 12 and 10 vnrirn. 
Now, what is the weight (of each of these two varieties) of gold? 

The rule for finding out the (various weights of) gold obtained 
as the result of many (spoeilied) kinds of exchange : 

|0!)i. If the (given) weight of gold (to Ik? exchanged) as 
multiplied hy tho vanm (thereof) is divided hy (thf) quantity of) 
tho desired gold (obtained in exchange), there arises the uniform 
average vanm. On carrying out (further) operations as mentioned 
before, the result arrived ar gives tho required weights of tho 
various kinds of gold obtained in oxehangc. 

An example in illustration thereof. 

200J-201. In the case of a man exchanging MU in weight of 
gold characterised by I t varans , the gold (obtained in exchange) 
is seen to ho altogether 500 in weight, (the various parts whereof 
arc respectively) characterised bv 12, 10, N and 7 varwis. What 
is tho weight of gold separately corresponding to each of theso 
(different) varna* Y 

The rule for arriving at (the various weights of) gold obtained 
in exchange which are characterised hy known mnms and are 
(definite) multiples in proportion : — 

202-203. The sum of the (given) proportional multiple num- 
bers is to bo divided hy tho sum oi the products (obtained) by 

1991. The operation whioh is stated here ft h hariuK been mentioned before 
is what is given in stanza 185 above. 


19 
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multiplying the (given proportional quantities of tho various kinds 
of tho exchanged) gold by (their respective specified) varnas, 
(The resulting quotient) is to be multiplied by the original varna 
(of the gold to be exchanged). If by this product as diminished 
by owe, the increase (in the weight of gold due to exchange) is 
divided, and the quotient (so obtained) is subtracted from the ori- 
ginal wealth of gold, the remaining (weight of unexchanged) gold 
is arrived at. This (weight of the unoxchanged gold) is then to 
bo subtracted from tho sum (of the weight) of the original gold 
and the increase (in weight due to oxohange). Then if the result- 
ing remainder (here) is divided by tho sum of the proportional 
multiple numbers connected with tho exchange, and is then 
multiplied by (each of those) proportional numbers (separately), 
the (various woights of) gold obtained in exchange and charac- 
terised by the specified varnas and the specified proportions are 
arrived at. 


An example in illustration thereof. 

204 — 205. There is a certain merchant desirous of obtaining 
profit; and the gold (in his possession) is of 16 varrns and 2()b in 
weight. A portion of it is exchanged in return for (four different 
kinds of) gold characterised respectively by 12, 8, 9 and 10 varnas, 
(so that those varieties of gold are by weight) in proportions which 
begin with 1 and are then (regularly) multiplied by 2. The gain 
(in the weight of gold resulting out of this oxchange transaction) 
is 102. What is the remaining (weight of the unoxchanged) 
gold ? Toll me also tho weights of gold obtained in exchange 
corresponding to those (above-mentioned varnas). 

Tho rule for arriving at (the weight of) the original (qnantity 
of) gold with the aid of tho gold exchanged (in part), and with the 
aid (of the weight) of gold seen to be in excess (in consequeuoe 
of the exohange) 

206. Each specified part of (the original) gold (to be ex- 
changed) is divided by tho varna corresponding to its exchange. 

♦'(The resulting quotient is in eaob oase to be) multiplied by the 
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optionally chosen varna (of the originally given gold ; and thou 
all those products are to be added). From this sum, the sum of 
the (various) fractional (exchanged) parts (of the original gold) 
is to be subtracted. (If now) the observed excess (in the weight of 
gold due to the exchaugo) is divided by this resulting remainder, 
what comes out here happens to bo tho original wealth of gold. 

An example in illustration thereof. 

207-208. A certain small ball of gold of 1(5 varnas belonging 
to a merchant is taken ; and J, \ and £ parts thoreof aro in order 
exchanged for (different kinds of) gold characterised (respectively) 
by 12, 10 and 1) varnas. (Tho weights of these exchanged varie- 
ties of gold are) added to what remains (unexchunged) of tho 
original gold. Then 1,000 is observed to bo in “xcess on removing 
from the account the weight of the original gold. What thou is 
(the weight of ibis) original gold \ 

The rule for arriving at tho desired varna with the help of the 
(mutual) gift of a desired fractional part of tho gold (owned by the 
other), and also for arriving at tin; (weights of) gold (respectively) 
corresponding to those optionally gifted parts: — 

201) to 212. One divided by i the numerical measure of each of 
two specifically gifted )| parts is to be noted down in reverse ordor; 
and (if each of tho quotients so obtained is) multiplied by on 

200 '212. Tho rule will ho dear from tln> following working of tho problem 
in 213-2115:— 

Dividing 1 by 1 and wo got respect ivelv 2, altering their position and 
multiplying thorn by any optionally chosen number, say 1, wo get 3, 2. 
Thole two numbers represent tin* quantities of gold owned respectively by thu 
two merchants. 

Choosing 0 as the varna of the gold owned by the first merchant, we nan 
easily arrive, from tho exchange proposed by him, at IB as the varna of the gold 
owned by the secoud merchant. Tln*ge var/ian , 0 and 10, givo, in tho exchange 
promised by the uccond merchant, the average varna of while tho avsraga 
varna ns give* in the sura has to he 12 or V* 

Therefore the varrnu 0 and 10 have to he altered. If 8 is chosen instead of 
9, 10 hns to he increased to 18 in the first exchange. Using these two varnas, 
8 and 1G, in tho second exohango, we obtain V as the averaga varna, instead qf 

V. 
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optionally ohoson quantity, (it) gives rise to (the weights of eaoh 
of the two small) balls of gold. The varna (of each) of these 
(little balls of gold) as also that of the gold gifted by the other 
person (in the transaction) has to be arrived at as before with the 
aid of tho (given) final average varna (in each caso). If in this 
manner both sets of answers (arrived at) happen to tally (with the 
requirements of the problem), the two varnas arrived® at in 
accordance with the previously adopted option become the verified 
varnas mentioned in relation to the two (given) little balls of gold. 
If, (however, these answers do) not (tally), the varnas belonging 
to the first set (of answers) have to be made (as the case may be) 
a little less or a littlomoro; (then theaverago varna corresponding 
to these modified component varnas lias to bo further obtained). 
Thereafter, the differenco between this (average) varna and the 
previously obtained (untallying average) varna is written down ; 
(and the required proportionate quantities) are (therefrom) dorived 
by means of the operation of the Itulo of Three: and the varnas 
(arrived at according to tho option chosen before, when respect- 
ively) diminished by one of these two quantities and increased 
by the othor, turn out to be evidently the required varnas (here). 

An example in illustration thereof. 

213 — 215. Two merchants well versed in estimating tho 
value of gold asked each other (for an exchange of gold). Then 
tho first (of thorn) said to tho other — “ If you give me half (of vour 
gold), I shall combine that small pellet of gold with my own gold 
and make (tho whole become gold of) 10 varnas Then this other 
said — “ If [ only obtain your gold by one-third (thereof), 

I shall likowiso make tho whole (gold in my possession beoome 


Thus, in the second exchange, wo boo an increase of 40 — 35 or 6 in the tain 
•f tho products of weight, and varna , while tho decrease and tho increase in 
relation to the originally chosen varnas are 0—8 or 1 and 16 — 13 or 3. 

But the required increase in the sum of the products of weight and varpa 
jn the second exchange is 3d— 35 or 1. Applying the Rule of Three, we tret the 
corresponding deorease and inorease in the varpas to bo i and f, 

Therefor#, the vaniat are 9— i or 8 f and 18 ♦ $ or 13f. 
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gold of) 12 varnaB with the aid of the two pellets.” 0 yon, who 
know the secret of calculation, if you possess cleverness in relation 
to calculations hearing upon gold, toll me quickly, after thinking 
out well, the measures of the quantities of gold possessed by both 
of them, and also of the vanijs (of those quantities of gold). 

Thus ends Sucarna-kultlkara in tho chapter on mixed problems 


f 'ici t rn - A * uttl ka t a . 

Hereafter wo shall expound the Vicitm-h\itlik<ir<i in the chapter 
on mixed problems. 

Tho rule in regard to (the ascertaining of) tin* number of 
truthful and untruthful statements (in u situation like the one 
given below wherein both are simultaneously possible)? - 

21 1). The number of men, multiplied by tin: number of those 
likod (among them) as increased by nn<\ and (then) diminished 
by twice the number of men likod, gives rise to tin* number of 
untruthful statements. The square of the numb* r representing 
all the . men, diminished by the. number of those (untruthful 
statements), gives rise to tho statements that are truthful. 


210. Tho rationale of this liile wilt ho clear from tho following algebraical 
representation of the problem given in ntunxit 217 below : 

Lot a bo tho total number of per dim of whom b aro liked. I ho number of 
utterances is a, ami each statement re for a to a persons, lienee the total number 
of ktutoinoiils is a x a or a*. 

Now, of those a ]x*rson«, 6 ai<‘ lilted, and n - b are not liked. »\ lorn each 
of tho b numlter of poisons is told “You alone mo liked," iho fiiitnlier of 
untruthful statements in each ease in b — 1. Tlmrefoie, the total number 
of untruthful statements in b statement 9 is b {b 1 ) L 

Wlteri, again, the same statement is made to each of the a — b persons, the 
number of untruthful statements in eae.h ea'-o is b +■ 1. Theiofore, the total 
number of untruthf.il statements in a - h utterances is (a- \>) ib + 1) . H. 

Adding 1 and II, we g«a l (b — - 1) + (a 6) (b + I) •“ n (b + I) 2b. 
This represents the total of untruthful statements ; and on subtracting it from 
a ! , which is the measure of all the statements, truthful and untruthful, wo 
arrive obviously at tho measure of the truthful statement*. 
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An example in illustration thereof. 

217. There are five lustful men. Among them three are in 
fact liked by a public woman. She says (separately) to each 
(of them) c; I like you (alone)”. How many (of her statements, 
explicit a3 well as implicit) are true ones ? 

The rule regarding the (possible) varieties of combinations 
(among given things) 

218. Beginning with one and increasing by one y let the 
numbors going up to the given number of things be written down 
in regular order and in the inverse order (respectively) in an 
uppor and a lower (horizontal) row. (If) the product (of one, 
two, throe, or more of the numbers in the upper row) token 
from right to left (bo) divided by the (corresponding) product 
(of one, two, three, or more of the numbers in the lower row) 
also taken from right to left, (the quantity required in oaeh such 
case of combination) is (obtained no) tho result. 

Examples in illustration thereof. 

219. Tell me) now, 0 mathematician, the combination 
varietios as also the combination quantities of the tastes, viz., the 
astringent, the bitter, the sour, the pungent, and tho saline, 
together with tho sweet taste (as the sixth). 

220. 0 friond, yon (tell mo quickly how many varieties 
there may he, owing to variation in combination, rf a (single 
string) necklace mad^ up of diamonds, sapphires, emeralds, corals, 
and poarls. 

221 . 0 (my) friend, who know the principles of calculation, tell 
(mo) how many varieties there may he, owing to variation in 
combination, of a garland made up of tho (following) flowers — 
kttaki, atoka, campaka , and nilotpala. 


218. This rule rotates to a problem in combination. The formula j^iveu 

bore is ~ “ r + _ } ^ ; and this is obviously equal 

1.2.3 r 
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The rule to arrive at (the unknown) capital with the aid of 
certain known and unknown profit* (in a given transaction) : - 

222. Hy means of the operation of proportionate distiihuiion, 
the (unknown) profits are to ho determined from the mixed sum 
(of all tho protits) minus the (known) profit. Then the capital of 
the person whose investment is unknown results from dividing 
his profit by that ('same common factor which has been usod in 
the process of pioportionate distribution above). 

An example in illustration thereof. 

22H-22’). According to agreement some three merchants 
carried out (the operation of) buying and selling. Tho capital t>f 
the first (of them) consisted of six puranas i that of the second 
of eight puraiuu x, hut that of the third was not known. Tho profit, 
obtained by all those (three) men was DO puranas. In fact tin* 
profit obtained by him (this third person) on tho unknown capital 
happened to be 40 purdnax. What is tho amount thrown by him 
(into the transaction), and what, is the profit (of each) of the other 
two merchants Y O friend, if you know the operation of pro- 
portionate distribution, tell (me this) after making the (necessary) 
calculation. 

Tho ride for arriving at tho wages (due in kind for having 
carried certain given things over a part of the stipulated distance 
according to a given rate ; : - 

2^0. From the square of the product (of the numerical value) 
of the weight to he carried and bait of the (stipulated distanoe 


220. Algebraically, the formula given in the rule ■ 
aD / (a DS 

2 S! 1 •> ) ~ af, d (# — d) . . t . 

£ v V „ / wliere x W Sgo* !<I be found rut, 

* “ D - d 

a — the total weight u» be curried, 1) the total distance, d the distance gone 
over, ajid b ■= ~ the total wages promised. It may be noted here that the rata of 
the for the two stages of the journey is the same, although the amount 

paid for each stage of the journey is not in acoordaneo with tho promised 
rate for the whole journey. 

The formula ia easily derived from the following equation containing the 
duta in the problem : — 

x b-x • 

ad 
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measured in) yojana , subtract: the (continued) product of (the 
numerical valuo of) the weight to he carriod, (that of the stipu- 
lated) wages, the distance already gone over, and the distanoe 
still to he gone over. Then, if the fraction (viz., half) of the 
weight to be carried over, as multiplied by the (whole of the 
stipulated) distance, and then as diminished by the square root of 
this (difference above mentioned), be divided by the distance still 
to be gone ovor, the required answer is arrived at. 

An example in illustration thereof. 

'121. Here is a man who is to receive, by carrying - 2 jack- 
fruits over 1 yojana , of them as wages, lie broaks down at 
half the distanco. What (amount within the stipulated wages) 
is (then) due to him Y 

The rule for arriving at the distances in ydjanas (to bo 
travelled over) by the second or tho third weight-carrier (after fcho 
first or tho second of them breaks down) : — 

228. From the product of the (whole) weight to bo carried as 
multiplied by tho (value of the stipulated) wages, subtract the 
square of the wagos given to tho first carrier. This (difference has 
to be used as the) divisor in relation to tho (continued) product of the 
difference between the (stipulated) wages (and the wages already 
givon away), the (wholo) weight to be carried, and tho (whole) 
distaneo (over which tho weight has to bo carriod. The resulting 
quotient gives riso to) the distance to bo travelled over by the 
second (person). 

An example in illustration thereof. 

229. A man by carrying 21 jaok-fruits ovor (a distance of) 
five ydjanas has to obtain 9 (of them) as wagos therefor. Wh n n 
6 of these have been given away as wagos (to the first carrier), 
what is the distanco tho second oarri&j has to travol over (to 
obtain tho remainder of the stipulated wages) P 

228. Algebraically Z>-cJ= whioh can beeaiilj found out from 

the equation in the last note. 
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The rule for arriving at (the valuo of) the wages corresponding 
to the various stages (over which varying numbers of persons 
carry a given weight) 

230. The distances (travelled over by the various numbers 
of men) are (respectively) to bo divided by the numbers of the 
men that are (doing the work of carrying) there. Tim quotients 
(so obtained) have to ho combined so that the first (of them is 
tnken at first separately and then) has (l, 2, and 3, ©to., of) the 
following (quotients) added to it. (These quantities so resulting 
are to he respectively) multiplied by the numbers of the men that 
tuna away (from the journey at the various stages. Then) by 
adopting (in relation to these resulting products) the process of 
proportionate distribution {/jraktii t paka) t the wages (due to the men 
leaving at the different stages) may he found out. 

An example in ill miration thereof. 

231-232 Twenty men havo to carry a palanquin over (a 
distance of) 2 ydjamn, and 720 dhidras form their wages. Two 
men stop away after going over two krohis ; after going over two 
(more) kro.ais, three ethers (stop awav); after going over half oi 
the remaining distance, five men stop away. What wages do they 
(the various boarers) obtain v 

The rule for arriving at (the value of the money contents of) 
a purse which (when added to what is on hand with each of 
certain persons; becomes a specified multiple (of tho sum of what 
is on hand with tho others) : — « 

233-235. The quantities obtained by adding one to (each of 
the specified) multiple numbers (in the problem, and then) 


238 — 235 In the problem imeti in 236- 237, lot *, y, z represent th«* rmmcyt 
on hand with the three merchant#, and u tho money in t.hu porno. 

Then u + » = a (y + a) , . . u . . 

, / where a, b, c represent the multiples 
ufy = i(i + i 1 . . ' , 

Kiven in the problem. 

* + z=*(* + y)J 1 

Now u + *+?/ + * = (a f 1 ) (y + *) 

= (b+l) (z + x) 

= (e + !)(*+»). 


90 
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multiplying these sums with each other, giving up in each ease 
the sum relating to the particular specified multiple, are to be 
reduced to their lowest terms by the removal of oommon faotors. 
(These reduced quantities are then) to be added. (Thereafter) 
the square root (of this resulting sum) is to be obtained, from which 
one is (to be subsequently ) subtracted. Then the reduced quantities 
referred to above are to be multiplied by (this) square "root as 
diminished by one. Then these are to bo separately subtracted 
from the sum of those same reduced quantities. Thus the moneys 
on hand with each (of the several persons) are arrived at. These 
(quantities measuring the moneys on hand) have to bo added to 
one another, excluding from the addition in each case the value of 
the money on the hand of one of the persons ; and the several sums 
so obtained are to bo written down separately. These are (then 


Then, (c + 1) x (y + «)= (4 + 1) (c + 1) I. 

where T =* u + x + y + *. 

S Similarly, -H . 1 2 i.° t }) x (* + «) =* (c + 1) (a f 1) ■ • • II. 

and y (* + y) = (a+l) (6 + 1) . . . III. 

Adding I, II and III, 

ft l 1 ? felii x 2 (* + t/ + *) =(* + 1) (cfl) 

+ (cfl) (a + l) + (a+l) (5+1) 

* 8 (say) IV 


Subtracting separately I, II, III, each multiplied by 2, from IV, we hare— 
x 2»=S- 2(4 + 1) (c + 1), 

(q + 1) jt + ljn + l) x 2y = g _ 2 (c + 1) (a + 1)( 

(o+^)J4 + l)jcjJl) x 2 i = S - 2 (a + 1) <4 + 1'. 

.-.f.y.f. ■. S-2 (6 + 1) (q + 1). 8—2 (c+ 1) (o+l) : 3-2 (o + l) (4+ 1). 

By removing the oommon factors, if any, in the right-hand side of the pro- 
portion, we get at the smallest integral values of », y, *. 

This proportion is given in the rule as the formula. 

tt may be noted that the square root mentioned in the rnle has reference 
only to the problem given in the stanzas 236-237. Correctly speaking, instead 
of ” square root”, we must have ‘3 ’. 

It oan be seen easily that this problem is possible only when the sum of 
any two of f$r v ~x is tban lhe third * 
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to be respectively) multiplied by (tho specified) multiple quantities 
(mentioned above) ; from the several products so obtained the 
(already found out) values of the moneys ou hand aro (to be 
separately subtracted). Then the (same) valuo of the money 
in the purse is obtained (separately in relation to eaoh of the 
several moneys on hand). 

An example in illustration thereof. 

236-237. Three merchants saw (dropped) on the way a purse 
^containing money). One (of them) said (to the others), “ If 1 
secure this purse, I shall becomo twice as rich as both of you with 
your moneys on hand/’ Then tho second (of them) said, “ I shall 
become throe times as rich.” Then the othor, (the third), said, 
“ I shall become fivo timos as rich.” What is the valuo of tho 
money in the purse, as also tho money on hand (with eaoh of tho 
three merchants) Y 

Tho rule to arrive at tho value of the moneys on hand as 
also the money in tho purse (when particular specified fractions 
of this latter, added respectively to tho moneys on hand with eaoh 
of a given number of persons, make their wealth becomo in each 
case) the same multiple (of the sum of what is on hand) with all 
(the others) ; — 

238. Tho sum of (all tho specified) fractions (in tho problom) 
— the denominator being ignored -is multiplied by tho (speci- 
fied common) multiple number. From this product, the products 
obtained by multiplying (oaeh of the above-mentioned) fractional 
parts (as reduced to a common denominator, ^vhich is then ignored), 
by the product of the number of cases of persons minus one and 
the specified multiple number, this last product being diminished 


288. The formula given in tho rule is — 
a = »n (a + b + c)-<* whore *, y, * aro tho moneys on hand, m 

y ca m (a + 6 + e)— b (2m- 1), > the common multiple, and a, b t e t the 
and « = m (a+ b + c)-e (2m - 1), J speoifiod fractional parts given. 

Theae values can be easily found out from the following equations:— 

Pa + * =: m (y + 2),"| 

Pb + y = m (s + *), 1 where P is the money in the purse, 
and Pc + s = t* (*♦ y) J 
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by one, are (severally) subtracted, The resulting remainders 
constitute the several values of the moneys on hand. The value 
of the money in the purse is obtained by carrying out operations 
as before and then by dividing by any particular specified 
fractional part (mentioned in the problem)* 

An example in illustration thereof . 

239-240. Five merchants saw a purse of money. They said 
one after another that by obtaining y, 9 , J, and (respectively) 
of the contents of the purse, they would each beoomo with what 
he had on hand three times as wealthy as all the remaining others 
with what they had on hand together. 0 arithmetician, (you tell) 
me quickly what moneys these had on hand (respectively), and 
what the value of the money in the purse was. 

The rule for arriving at the measuro of the money contents of 
a purse, when specified fractional parts (thereof added to what 
may be on hand with one among a number of persons) makes him 
a specified number of times (as rich as all the others with what 
they together have on hand) 

241. The specified fractional parts relating to all others (than 
the person in view) are (reduced to a common denominator, which 
is ignored for practical purposes. These are severally) multiplied 
by the specified multiple number (relating to the person in view). 
To these products, the fractional part (relating to the person) in 
view (and treated like other fractional parts). is added. The result- 
ing sums are (severally) divided each by its (corresponding 
specified) multiple quantity as increased by one. Then these 
quotient? are also added. The several sums (so obtained in relation 


241. The formula given in the rule is— 


a + mb a + m* a + md 

. .-{.-*)• j + 

n + l^j+3 r + 1 * 

b + na, b + nc. b + rid 1 . 

m+l + g+l + r+l + * 

. . — (a 2)a J T 


+ (m + 1) 
(n + 1) 


and so on ; where x, y, . . . are moneys on hand ; a, &, c, d, . 
fractional parts 5 m, n, q, r> . . . various multiple numbers ; and f the 
, number of persons concerned in the transaction. 
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to the several cases) are diminished by tho product of tho particular 
specified fractional part as multiplied by the number of cases less 
by two. The difference is divided by the particular specified 
multiple quantity as increased by one. Tho result is tho monoy on 
hand (in the particular case). 

Example* in illustration thereof. 

242-243. Two travellers saw a purse containing money 
(dropped) on the way. Ono of them said (to, the other), “ By secur- 
ing half of this money (in tho purse), I shall become twice as rich 
(as you).” The other said, “ By scouring two-thirds (of tho money 
in the purso), l shall, with the money I have on hand, hive throe 
times as much monoy as what you have on hand.” What arc the 
moneys on hand, and what the money in tho purso Y 

241-244£. Two travellers saw on the way a purse containing 
money ; and the first of them took it up and (said, that) that money 
along with tho money that he had on hand became twice tho 
money of the other (traveller. This) other (sa : d that that money 
in the purso with the aid of what ho had on hand would bo) throe 
times (the monoy in tho hand of tho first traveller). What is tho 
money on baud (in the case of eaoh of them), und what tho money 
in the purse ? 

‘245 5-247. Four men saw on the way a purse containing money. 
Tho first among them said, “If I secure this purre, I shall with 
the money already on hand with me become (possessed of money 
which will bo) eight times (the money on hand with the remaining 
travellers).” Another (said, that the monody in the purse with 
what he had on hand) would be nine t imes tho monoy on hand with 
the rest (among them). Another (said that similarly hoj would 
he possessed of ton times tho mou%, and another (that he) would 
be possessed of eleven times the money. Tell me quickly, 0 
mathematician, what the money in the purse was and how muoh 
the money in the hand of each of them was. 

248. Four men saw on tho way a purso containing money. 
(Then), with what each of them had on hand, the i, i, and J # 
parts (respectively) of this (monoy in the purse) became twice, 
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thrioe, five times and four times (that money which the others 
together had on hand. What is the money in the purse, and what 
the money on hand with each of them ?) 

249-250£. Three merchants saw on the way a purse containing 
money. The first among them said, “ Tf I get J of this money 
in the purse, I shall (with what I have on hand) become (possessed 
of) twice (the money on hand with) both of you,” Anothor said 
that, if he secured | part of the money in the purse, ho would 
with the money on hand with him (become possessed of) thrice 
(the money on hand with the others). The third man said, “ If 
I obtain % of this (money in the purse), I shall become possessed 
of four times the money (on hand with both of you).” Tell me 
quickly, 0 mathematician, what the money on hand with each of 
them was, and what was the money in the purse. 

The rule for arriving at the money on hand, which, with the 
moneys begged (of othors), becomes a specified multiple (of the 
money on hand with the others) : — 

251^-252^. The sums of the moneys begged are multiplied 
eaoh by its own corresponding multiple quantity as increased by 
one. With the aid of these (products) the moneys on hand are 
arrived at according to the rule given in stanza 241. These 
quantities (so obtained) are reduced so as to have a common 
denominator. Then thoy are (severally) divided by the sum as 
diminished by unity of the specified multiple quantities (respect- 
ively) divided by (those same) multiple quantities as increased by 
one. (The resulting quotients) themselves should bo understood 
to be the moneys on hand ^with the various persons). 


25H-262*. Algebraically, ▼ 

j (a + 6) (m + 1) + m (c +d) (n + 1) (a + !>) (m + 1) + m (/+$) (jp + 1) 

1 + 7+1 + 

etc.— (#— 2) (a + b) (** + 1) J + (m + J) ] + 

fdUL. + JL. + JL— i ) 

+ 1 t > + 1 p + 1 / 

Similarly for y t s, etc. Ilere a, c, d, /, g, are sums of money begged of 
eaoh other. 
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Examples in illustration thereof. 

253J-2o5^. Three merchants hogged money from the hands 
of each other. The first bogged 4 from tho scoond and 5 from 
the third man. and became possessed of twice the money (then on 
hand with both the others'). Tho second (merchant) begged 4 
from the first and 6 from the third, ami (thus) got three times the 
money ^hold on hand at the time by both tho others together). 
Tho third man begged 5 from the first and 0 from tho second, and 
(thus) became 5 times (as rigli as the other two). 0 mathe- 
matician, if you know tho mathematical process known as ciira- 
kuttikara»mi&ra } tell mo quickly what may be the moneys they 
respectively had on hand. 

25G$-258£. Thcro wore three very clever porsons. They 
begged money of each other. The first of them begged 12 from 
tho second and 13 from the third, and became thus 3 times as 
rioh as these two were then. The second of them begged 10 from 
the* first and 13 from tho third, and thus became 5 times as rioh 
(as the other two at the time). The third man begged 12 from 
the second and 10 from the first, and became (similarly) 7 times 
as rich. Their intentions wero fulfilled. Toll mo, 0 friend, after 
calculating, what might bo the moneys on band with them. 

The rule for arriving at equal capital amounts, on tho last man 
giving (from his own money) to the penultimate man an amount 
equal to his own, (and again on this man doing the samo in relation 
to the man who comes behind him, and so on) : 

2594. One divided by the optionally chosen multiple quantity 
(in respect of the amount of money to bo given by the one to the 
other) becomes the multiple in relation to the ponultimato 
man’s amount. This (multiplier) increased by one becomes the 
multiplier of the amounts (in the hands) of the others. The 


2594. Tho rule will he clear from tho following working of tho problem 
given in st. 263$ 

I + $ or 2 is tho multiple with regard to tho penultimate man's amount; 
this 2 combined with 1, 3 becomes tho multiple in relation to the amount* 

of the others. * 
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amount of the last person (so arrived at) is to have one added to 
it. This is the process to be adopted. 

Examples in illustration thereof, 

26u$-261$. Threo sons of a merchant, the eldest, the middle, 
and the youngest, were going out along a road. The eldest son 
gave out of his capital amount to the middle son exactly as much 
as the capital amount of (that same) middle son. This middle son 
gave (out of his amount) to the last son just as muoh as he had. 
(In the end), the) all became possessed of equal amounts of money. 
0 mathematician, think out and say what amounts they (respect- 
ively) had (with them) on hand (to start with). 

262$. There were five sons of a merchant. From the eldest (of 
them) the one next to him obtained as muoh money as he himself 
had ou hand. All others also did accordingly (each one giving to 
the brother next to him as muoh as he had on hand. In the end) 
they all became possessed of equal amounts of money. Wliat 
were the amounts of money they (respectively) had on hand (to 
start with) Y 

263$. Five merchants became possessed of equal amounts of 
money after each of them gave out of his own property to the one 
who went before him half of what he possessed. Think out and 


Now 1,1. 

Multiplying the penultimate 1 by 2 and the 
other by 3, we get 2, 3. 

Adding ] to the last 2,4. 

Write down 2, 4, 4. 

Multiply the penultimate 4 by 2, and the 
other* by 3, and add 1 to the last f>, 8, 13. 

Again 6,8,13,13. 

Repeating the same operation! as above we 
get 18, 24, 26, 40. 

54, 72, 78, 80, 121. 


The figures in the last row represent the amounts in the hands of the 5 
merchants. 

Algebraically— 

• -** = !* - $* 

b|/; where, u, b , e , d, / are the amounts on hand with the 5 merohants. 
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•ay what amounts of money they (respectively) had on hand (to 
start with). 

264$. There were six merchants. The elder ones among them 
gave in order, out of what they respectively had on hand, to thoso 
who were next younger to them exactly two-thirds (of what they 
respectively had on hand). Afterwards, they all became possessed 
of equal amounts of money. What wore the amounts of money 
thoy (severally) had on hand (to start with) ? 

The rule for arriving at equal amounts of money on hand, 
after a number of persons give each to tho others among them 
as much as thoy (respectively) have (then) on hand : — 

265$. One is divided !>y tho optionally ohosen multiple quantity 
(in the problem). (To this), the number corresponding to tho men 
(taking part in the transaction) is added . The first (man's) amount 
(on hand to start with is thus arrived at). This (arvd the results 
thereafter arrived at) aro written down (in order), and each of them 
is multiplied by tho optional multiple number as increased by one ; 
and the result is then diminished by one. (Thus the money on 
band with each) of the others (to Btart with is arrived at). 

Example tt in illustration thereof. 

266$. Each of throe merchants gave to the others what each of 
these had on hand (at tho time). Then they all became possessed 
of equal amounts of money. What are the amounts of money 
which they (respectively) had mi hand (to start with)? 


'I he rule will l>o clear horn the fol low working of the problem 
given in at.. 2C0J : — 

1, divided by the optionally chosen multiple 1, ami increased hy the number 
of portion*, 3, give* 4; this in tho money in the hand of tho firwt man. 

This 4, tnoltipliod by the optionally chosen multiple, I, an increased bjr 
1, become* 8 ; when 1 i* subtracted from this, wo got 7, which i* the money on 
hand with the second person. 

Thi* 7, again, treated a* above, i.e., multiplied by 2 and then diminished 
by 1, give* 13, the money on band with the third man. 

This solution can be easily arrived at from tho following equation* i— 

♦ (a-6 — c) = 2^26~ (a — 6 — c) — 2c j = 4e — 2 (a - S -* c) 

- ^26 - (a - L - c) - 2c j . 


21 
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267 J. There were four merchants. Eaoh of them obtained 
from the others half of what he had on hand (at the time of the 
respective transfers of money), Then they all became possessed 
of equal amounts of money. What is the measure of the n^oney 
(they respectively had) on hand (to start with) ? 

The rule for arriving at the gain derived (equallyj from ' 
success and failure (in a gambling operation) : — 

268ij-269$. The two sums of the numerators and denominators 
of the (two fractional multiple) quantities (given in the problem) 
have to be written down one below the other in the regular order, 
and (then) in the inverse order. Tho!(summed up) quantities 
(in the first of these sets of two sums) are to be multiplied according 
to the vajrdpavartana process by the denominator, and (those in- 
the second set) by the numerator, (of the fractional quantity) 
corresponding to the other (summed up quantity). Idle results 
(arrived at in relation to the first set) are written down in the 
form of denominators, and (those arrived at in relation to the 
second set are written down) in the form of numerators : (and the 
difference between tho denominator and numerator in each set is 
noted down). Then by means of these differences the products 
obtained by multiplying (the sum of) tho numerator and the 
denominator (of eaoh of the given multiple fractions in the 
problom) with the denominator of the other are (respectively) 
divided. These resulting quantities, multiplied by the value of 
tho desired gain, give in the inverse order tho measure of the 
moneys on hand (with the gamblers to stake). 


An example in illustration thereof. 

270-272J. A great man possessing powers of magical charm 
and medicine saw a cock-fight going on, and spoke separately in 


268f-269|. Algebraically, 

(c + d)b 

(c + d) 6 - (a + 6) c 


x p t and y = 


(a + b) d 

(a + b) d — (e + d) a 


x j>, where 


« and y are the moneys ou hand with the gamblers, and the fractional parte 

' 6 d 

taken from them, and p the gain. This follows from *--^y = p = y— 

0 b 
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confidential language to both the owners of the oocks. He said to 
one: “ If your bird wins, then you give the stake-money to me. 
If, however, you prove unviotorious, I shall give you two-thirds 
of that stake-money then.” Ho went to (the owner of) the other 
(oock) and promised to give throe-fourths (of his stake-iuonoy on 
similar conditions). From both of them the gain to him could 1* 
only 12 # ( gold-pieces in each case). You toll me, O ornament on 
the forehead of mathematicians, the (values of the) stako-monoy 
which (each of) the oock- owncra had on hand. 

The rule for separating the (unknown) dividend number, tho 
quotient, and the divisor fjom their combined sum : — 

273}. Any (suitable optionally chosen) number (which has to 
be) subtracted from the (given) combinod sum happens to bo tho 
divisor (in question). On dividing, by this (divisor) as increased 
by one, the remainder (left after subtracting tho optionally clioson 
number from the given combined sum), the (required) quotient is 
arrived at. Tho very same remainder (above mentioned), as dimi- 
nished by (this) quotient becomes tho (required dividend; number. 

An example in illustration (hereof. 

274 A certain unknown quantity is divided by a eortain 
(other) unknown quantity. Tho quotient here as combined with 
the divisor and the dividend number is 53. What is that divisor, 
and what (that) quotient \ 

Tbo rule for arriving ftt that number, which becomes a squaro 
either on adding a known number (to tho original number), or 
on subtracting (another) given number (from that same original 
number) 

275}. Tho sum of the quantity to he added and tho quantity 
to be subtracted is multiplied by one as associated with whatever 
may happen to be the exoess abovo the even number (noarest to 

275}. Algebraically, let z be tha quantity to be found out, and a, 6, the 
respective quantities to be added to or gubtracted from it j then, the formula 

to represent the ruk will be {. (tt * »> j ‘ — 1 + 1 ± ' 
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that sum). The resulting produot is (then) halved and (then) 
squared. (Prom this squared quantity), the (above-ref erred- to 
possible) excess quantity is subtracted. The result is divided by 
four , and then combined with one. Then the resulting quantity 
is either added to or subtracted from (respectively) by the half of 
the difference between the two given quantities as diminished or 
increased by the odd-making excess quantity (above referred to) 
according as tho original given quantity to be subtracted is 
greater or less than the original given quantity to be added . Tho 
result arrived at in this manner happens to be the (required) 
number, which (when associated as desired with the (given) 
quantities) surely yields the square root (exactly f. 

Examples in illustration thereof. 

270$> A certain number when increased by 10 or decreased by 
17 yields an exact square root. If possible, 0 arithmetician, tell 
me quickly that number. 

277J. A certain quantity eithor as diminished by 7, or as 
added to by 18, yields tho squaro root exactly. 0 arithmetician, 
give it out after calculation. 

278£. A certain quautity diminished by jj, or again that same 
(quantity) increased by j, yields the square root (exactly). Tell 
me that quantity quickly, 0 arithmetician, after thinking out 
what it may be. 


The ratiovalo of this may be made out thus : — 

(« + l) 8 - n 8 = 2 n + 1, an odd number ; and (n + 2) 8 — n 8 =» 4 n + 4, 
an even number \ where n is any integer. 

From 2 n + 1, and 4 n + 4, the rule shows how wo may arrive at n 8 + a 
when we know 

2 n + 1, or 4 n + 4, to be equal to a + b. 

278$. Since the quantities represented by b and a in the note on stanza 275$ 
are seen to be fraotional in this problem, being aotu&lly $ and f, it is neoessary 
to have these fraotional quantities removed from the prooess of working out the 
problem in nooordanoe with the given rulo. For this purpose th»*y are first 
reduoed to the same denominator, and come to be represented by $f and 
respectively: then these quantities are multiplied by (21)*, so as to yield 294 
and 189, whioh are assumed to be the 6 and the a in the problem. The result 
arrived at with these assumed values of b and a is divided by (21)*, and the 
quotient is taken to be the answer of the problem. 
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- The role for arriving at the squaro root of (an unknown) 
number as increased or diminished by a known number : — 

272*. The known quantity which is given is first halved and 
(then) squared and then one is added (to it). Tho resulting 
^quantity either when increased by tho desired given quantity or 
when diminished by tho (same) quantity yields tho squaro root 
(exactly). # 

i 

An example in illustration tfureof. 

280*. Here is a number which, when increased by 10 or 
diminished by tho same 10, yields an exact square root. Think * 
out and tell me that number, 0 mathematician. 

'The rule for arriving at the two required square quantities, 
with the aid of those required quantities as multiplied by a 
known number, and also with the aid of (the same known 
number as forming the value of) the squaro root of t^p difference 
(between these products) : — 

281*. The given number is increased by one; ami tho given 
number is also diminished by one. The resulting quantities 
when halved and then squared give rise to tho two (required) 
quantities. Then if these he (separately) multiplied by the given 
quantity, the squro root of the difference between these (products) 
becomes the given quantity. 

An example in illustration thereof. 

282*-283. Two unknown squared quantities are multiplied 
by 71. The square root of the ditf erenow between these (two 
resulting products) is also 71. 0 mathematician, if you know 

the process of calculation known as cilra-kutiikaray calculate and 
tell me what (those two unknown) quantities are. 


279|. Thi* ii merely a particular case of tho rule given in ntania 27t if 
wherein a i» taken to be equal to i>. 

281$. Algebraically, when the given number is d, ^ ami 

are the required aquare quantities. 
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The rale for arriving at the' required increase or decrease in 
relation to a given multiplicand and a given multiplier (so as to 
arrive at a given product) : — 

284. The difference between the required produot and the 

resulting product (of the given multiplicand and the multiplier)* 
is written down in two plaoes. To (one of) the factors (of the 
resulting product) one is added, and (to the other) the required 
product is added. That (difference written above In two posi- 
tions as desired) is (severally) divided in the inverse order by 
the sums (resulting thus). These give rise to the quantities that 
arc to be added (respectively to the given multiplicand and the 
multiplier) or (to the quantities that are) to be (respectively) 
subtracted (from thorn). * 

Examples in illustration thereof. 

285. The product of 3 and 5 is 15 ; and the required product 
is 18 ; and it is 1 also 14. What aro the quantities to be added 
(respectively to the multiplicand and the multiplier) here, or what 
to be subtracted (from them) ? 

The rule for arriving at (the required result by) the process 
of working baokwards : — 

286. To divide where there has been a multiplication, .to 
multiply where there has beon a division, to subtract where there 
has been an addition, to get at the square root where there has 
been a squaring, to get at the squaring where the root has been 
given — this is the prooess of working baokwards. 

An example in illustration thereof. 

287. What is that quantity which when divided by 7, (then) 
multiplied by 3, (then) squared, (then) increased by 5, (then) 


, 284- The quantitie* ;o bo added or subtracted are — 

±H b and ah 
d + b a+ 1 ’ 

*» (*±Tgf ) 

and d the required multiple. 


d t where a and b are the given factors, 
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divided by (then) halved, and then reduced to its square root, 
happens to be the number 5 ? 

The rule for arriving at (the number of arrows in a bundle 
with the aid of the even number of) arrows constituting the 
common circumferential layer (of the bundlo) 

288. # Add three t to the number of arrows forming the circum- 
ferential layer ; then square this (resulting sum) and add again 
three (to this square quantity). If this bo further divided by 
12, the quotiont becomes the number of arrows to be found in the 
bundlo. 

An example in illmtration thereof \ 

289. The circumferential arrows are 18 in number, llow 
many (in nil) are the arrows to bo found (in the bundlo) within, 
the quiver? 0 mathematician, give this out if you have taken 
pains in relation to the process of calculation knowrfa* viritra - 
kuftikdra. 

Thus ends vicitra-Mfikara in tko chapter on mixed problems. 


288. Tho formula hero tfivon 


to find out t ho total number of arrow* 


(»t _ 3 ' 3 . t 3 whore » in thi! numhor of circumferential arrow.. Thi» imrnuli o«ii 

be arrived at. from the following considerations. It. . an ho proved geometrically 
that, only.!* circle, can he described round nnother circle, all oflh™, being 
equal and each ef them touching it* two neighbouring circles a. well 
a. the central circle i that, round there circle, again, only twelve circle. of the 
..me dimen.ion can lie decrihed .imilurly ; and that mend these again, only 
18 such circle# are po.»ible, and ,o on. Th„., the fir.t round has h circle., the 
second 12, the third 18, and so on. 80 that the iwmher of circle, in any 

ronud. *av p, ii equal to 0 p. , , 

Now, the total number ef circle, in the given number of round. calculate I 

from the ccntraloirele, i. 1 + 1 * <i + 2 « 8 + # * " + • ■ + v x 

+ 6(1 + 2 + 3+ ... + ,) = ,+«Ei? i tl > n-.l + :.,(„+!). If the 


value of Op i. given, .ay, a. *, the total number of circle, i. 1 + 3 x + D. 

which i. easily reducible to the formula given at the lieginning of thi. note. 
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Summation of Series. 

Hereafter we shall expound in (this) chapter on mixed problems 
the summation of quantities in progressive series. 

The rule for arriving at the sum of a series in arithmetical 
progression, of which the common difference is either positive or 
negative : — • 0 

290. The first term is either decreased or increased by the 
product of the negative or the positive common difference and the 
quantity obtained by halving the number of terms in the series as 
diminished by one. (Then,) this is (further) multiplied by the 
number of terms in the series. (Thus,) the sum of a series of terms 
in arithmetical progression with positive or negative oommon 
difference is obtained. 

Examples in illustration thereof. 

291. The first term is 14 ; the negativo common differonoo is 
3 ; the number of terms is 5. The first term is. 2 ; the positive 
oommon difference is 6 ; and the number of terms is 8. What is 
the sum of the series iu (each of) these cases ? 

The rule for arriving at the first term and the common differ- 
ence in relation to tho sum of a series in arithmetical progression, 
the common difference whereof is positive or negative : — 

292. Divide the (given) sum of tho series by the number of 
terms (therein), and subtract (from the resulting quotient) the 
produot obtained by multiplying the common differenoo by the 
half of the number of terms in the sories as diminished by one. 
(Thus) tho first term (iu the series) is arrived at. The sum of the 
series is divided by tho number of terms (therein). The first term 
is subtracted (from tho resulting quotient) ; the remainder when 
divided by half of the number of terms in the series as diminished 
by one becomes the common differenoo. 

280. Algebraioally, db « ) * =* where n is the number of terms, 

a the first terra, b the oommon difference, end i the tpm of the series. 

292. Algebraically, o = 1 - b j and b “ g * 
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Example s in illustration thereof . 

293. The sum of the sorios is 40 ; the number of terms is 5 ; 
and the common difference is 3 ; the first torm is not known now. 
(Find it out.) When the first term is 2, find out the ooramon 
difference. 

Th»rul£ for arriving at the sum and the number of terms in 
a series in arithmetical progression (with the aid of the known 
labha y which is the same as the quotient obtained by dividing the 
sum by the unknown number of terms therein) : — 

294. The labha is diminished by the first term, and (thon) 
divided by tho half of the common difforoneo; and on adding one 
to this samo (resulting quantity), tho number of terms in the 
series (is obtained). The number of terms in tho series multi- 
plied by tho Id b ha becomes tho sum of the series. 

An example in illustration thereof. * 

295. (There were a number of utpaU flowers, representable as 
the sum of a serios in arithmetical progression, whoroof) 2 is the 
first term, and 3 the common difference. A number of women 
divided (these) utpola flowers (equally among them). hWi woman 
had 8 for her share, llow many wero tho women, and bow- 
many the flowers ? 

The rule for arriving at the sura of the squares (of a given 
number of natural numbers beginning with one) : — 

296. The given number is increased by one f and (then) squared ; 
(this squared quantity is) multiplied by two , and (then) diminished 
by the given quantity as inorcased by one. (The remainder thus 

294. Algebraically,* m + 1, where l = ~ , which i* the Idbha. 

"2 

296. The number of women in this problem is conceivod to be equal to the 
number of terms in the series. 

f *(«+!)• -(»+!) }~ 

m. Algebraioally, 1 - — =*S„ which is tho sum of ths 

squares of the natural number* up to n. 


n 
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arrived at is) multiplied by the half of the given number. ThiB 
gives rise to the combined sum of the square (of the given, 
number), the cube (of the given number), and the sum of the 
natural numbers (up to the given number). This combined sum, 
divided by three , gives rise to the sum of the squares (of the given 
number of natural numbers). 

. 0 

Examples in illustration thereof. 

297. (In a number of series of natural numbers), the number 
of natural numbers is (in order) 8, 18, 20, 60, 81, and 36. Tell 
me quickly (in each case) the combined sum of the square (of the 
given number), the cube (of the given number), and the sum of 

' the given number of natural numbers. (Toll me) also the sum of 
the squares of the natural numbers (up to the given number). 

The rule for arriving at the sum of the squares of a number of 
terms in arithmetical progression, whereof tho first term, the 
common difference, and the number of terms are given : — 

298. Twice tho number of terms is diminished by one , and 
(then) multiplied by tho square of the common difference, and is 
(then) divided by six. (To this), the product of the first term 
and the common difference is added. Tho resulting sum is multi- 
plied by the number of terms as diminished by one. (To the 
product so arrived at), the square of the first term is added. This 
sum multiplied by the number of terms becomes the sum of the 
squares of tho terms in the given series. 

Again, another rule for arriving at tho sum of the squares of 
a number of terms in arithmetical progression, whereof the first 
term, the common difference, and the number of terms are 
given : — 

299. Twice the number of terms (in the series) is diminished by 
one, and (then) multiplied by the square of the oommon difference, 
and (also) by tho number of forms as diminished by one. This 


298. £ £ + a6 j (n - 1) + a* Jn =s sum of the squares of the t 

S aeriM fa arithmetical progression. 
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product is divided by sir. (To this resulting quotient), the square 
of the first term and tho (continued product) of the number of terms 
as diminished by one , the first term, and the oommon difference, 
are added. The whole (of this) multiplied by tho number of terms 
becomes the required result. 

# b Examples in illustration thereof. 

300. (In a series in arithmetical progression), the first term is 
3, the common difference is 5. the number of terms is 5. Give 
out the sum of th^ squares (of the term*) in tho series. (Similarly, 
in another series), 5 is the first term, 3 the common difference, 
and 7 the number of terms. What is the sum of the squares (of 
the terms) in this series Y 

The rule for arriving at tho sum of the cubes (of a givon 
number of natural numbers) — 

301. The quantity represented by tho square of half the (given) 
number of terms is multiplied by tho square of the sum of one 
and tho number of terms. In this (science of) arithmetic, this 
result is said to bo tho sum of the cubes (of the given number of 
natural numbers) by thoso who know tho secret of calculation. 

Examples in Must ration thereof. 

302. Give out (in each case) tho sum of tho cubes of (tho 
natural numbers up to) 0, 8, 7, 25 and 250. 

Tho rule for arriving at the sum of the cubes (of tho tormg* in 
a series in arithmetical progression), the first term, tho common 
difference, and the number of terms wVereof aro optionally 
ohosen : — 

303. The sum (of the simple terms in tho given sorios), as 
multiplied by the first term (therein), is (further) multiplied by the 


301. Algebraically, (n + 1) 1 = #j, which it tho *11111 of the cubes of the 


natural numbers up to n. 

303. Algebruioally, i «a (a ~ b) 4 ■«»4a tho eum of the cubes of tho term* 
in a aeries in arithmetical progression, where » = the sum of tho simple terme^ 
of the series. The sign of the first tertu in the formula is + or — according as 
• > or < 6. 
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difference between the first term and the common difference (in the 
aeries). (Then) the square of the sum (of the series) is multiplied 
by the common difference. If the first term is smaller than the 
oommon difference, then (the first of the produots obtained above 
is) subtracted (from the second product). If, however, (the first 
term is) greater (than the common difference), then (the first 
product above-mentioned is) added (to the second* produot). 
(Thus) the (required) sum of the cubes is obtained. 

'Examples in illustration thereof \ 

304. What may be the sum of the cubes when the first term 
is 3, the common difference 2, and the number of terms 5 ; or, 
when the first term is 5, the common difference 7, and the number 
of terms 6 ? 

The rule for arriving at the sum of (a number of terms in a 
series wherein the terms themselves are successively) the sums of 
the natural numbers (from 1 up to a specified limit, these limiting 
numbers being the terms in the given sories in arithmetical 
progression) : — 

305-305J. Twice the number of terms (in the given series in 
arithmetical progression) is diminished by one and (then) multi- 
plied by the squaro of the oommon difference. This produot is 
divided by six and increased by half of the oommon difference 
and (also) by the produot of the first term and the common 
difference. The sum (so obtained) is multiplied by the number of 
terms as diminished by one and then increased by the produot 
obtaiued by multiplying the first term as increased by one by the 
first term itself. The quantity (so resulting) when multiplied by 
half the number of terms (in the given series) gives rise to the 
required sum of tho series wherein the terms themselves are sums 
(of speoified series). 


305 -805*. Algebraioally,^ [ 3 —^ * + 1 + a b J (#»- l) + a (a+ 1) i> the 

t turn of tho series in arithmetical progression, wherein each term represents the 
enm of a series of natural numbers up to a limiting number, which is itself a 
member in a series in arithmetical progression. 
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Examples in illustration thereof. 

306 J. It is seen that (in h given series) the fitat term is 6, the 
oommon difference 5, and the number of terms 18. In relation 
to (those) 18 terms, what is the sum of the sums of (tho various) 
series having 1 for the first term and 1 for tho common difference. 

The rale for arriving at the sum of the four quantities (speci- 
fied below and represented by a certain given number): — 

307£. The given number is increased by one , and (then) 
halved. This is multiplied by the given number and (then) by 
seven. From the (resulting) produot, tho given number is sub- 
tracted ; and the (resulting) remainder is divided by three . 
The quotiont (thus obtained), when multiplied by the givon number 
as increased by one, gives rise to the (required) sum of (tho four 
speoifiod quantities, namely,) tho sum of tho natural numbors 
(up to the given number), the sum of tho sums of tho natural 
numbors (up to tho given number), tho squaro (of^the given 
number), and tho cube (of tho givon number). 

Examples in illustration thereof. 

308 J. Tho given numbers are 7, 8, i), 10, 10, 50 and 01. 
Taking into consideration tho required rules, separately give out 
in the case of each of them the sum of tho four (specified) 
quantities. 

The rule for arriving at the collective sum (of tho four different 
kinds of sorics already dealt with) : — 

Tho number of terms is combined with three ; it is (then) 
multiplied by the fourth part of the numlner pf terms ; (then) one 

_ n * (n + 1) x 7 __ n 

307*. Algebraically, ■?— - * (n + l)»s tbo tain of the 

four quantities specified in tho rule. These are (i) the sum of the natural 
numbers up to n ; (ii) tho sum of the butts of the various series of natural numbers 
respectively limited by the various natural numbers up to n • (iii) the square of 
n ) and (ivj the cube of n. 

809*. Algebraically, £ (n + 8) 1 j (n * + m) is the collective sum of the 

•urns, namely, of the sums of the different series dealt with in rules 290, 801, • 
805 to 805$ above, and also of the sum of the series of natural numbers up to n, 
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is added (thereunto). The (resulting) quantity when multiplied 
by the square of the number of terms as increased by the number 
of terms gives rise to the (required) collective sum. 

Examples in illustration thereof. 

310|. What would be the (required) collective sum in relation 
to the (various) series represented by (each of) 49, 66, 13, 14, 
and 25 ? 

Tho rule for arriving at the sum of a series of fractions in 
geometrical progression : — 

311^. The number of terms (in the sories) is caused to be 
marked (in a separate column) by zero and by one (respectively), 
corresponding to tho oven (value) which is halved and to the 
uneven (value from which one is subtracted, till by continuing these 
processes zero is ultimately reached) ; then this (representative 
series made up of zero and one is used in order from the last one 
therein, so that this one multiplied by the common ratio is again) 
multiplied by the common ratio (wherever one happens to be tho 
denoting item), and multiplied so as to obtain the square (whor- 
ever zero happens to be the denoting item). Tho result (of this 
operation) is written down iu two positions. (In one of thorn, 
what happens to be) tho numerator in the result (thus obtained) 
is divided (by the result itself ; then) one is subtracted (from it) ; 
tho (resulting) quantity is multiplied by the first term (in the 
series) and (then) by (the quantity placed in) the other (of the 
two positions noted abpve). The product (so obtained )*when 
divided by one as diminished by the common ratio, gives rise to the 
required sum of the series. 

Examples in illustration thereof. 

312J-313. In relation to 5 cities, (the first term is) \ dindra 
and the common ratio is (Find out the sum of tho dlnaras 
obtained in all of them.) The first term is the common ratio is 


8ll|. In this rulo, the numerator of the fractional common ratio ii taken to 
be Slwaya 1. See stanca 94, Ch. Il and the note thereunder. 
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and 7 ia the^ number of terms. If you are acquainted with 
calculation, then tell me quickly what the sum of the series of 
fractions in geometrical progression here ia. 

The rule for arriving at the sum of a aeries in geometrical 
progression wljerein the terms are either inoreased or decreased 
(inasp^ified rnanper by a given known quantity) 

314. The sum of the series in (pure) geometrical progression 
(with the given first term, given common ratio, ami the given 
number of terms, is written down in two positions) ; one (of these 
sums so written down) is divided by the (given) first term. 
From the (resulting) quotient, the (given) number of terms is 
subtracted. The (resulting) remainder is (then) multiplied by tho 
(given) quantity which is to be added to or to he subtracted (from 
tho terms in the proposed series). Tho quantity (so arrived at) 
is (then) divided by the common ratio as diminished by one. (The 
sum of the series in pure geometrical progression written down in) 
the other (position) has to bo diminished by the (last) resulting 
quotient quantity, if the given quantity is to he subtracted (from 
tho terms in the series). If, however, it is to lx* added, (then the 
sum of the series in geometrical progression written down in tho 
other position) has to ho increased by tho resulting quotient 
(already referred to. The result in either ease gives tho required 
sum of tho specified series). 

Example h in illmiratlon thereof. 

315. The common ratio is 5, tho first term is 2, and the 

quantity to be added (to the various terms) i* 3, and tho number 
of terms is 4. 0 you who know the secret of calculation, think 

ont and tell me quickly the sum of the series in geometrical 
progression, wherein the terms are increased (by the specified 
quantity in tiie specified manner). 

314. Algebraically, J[- (- - n ) m + (r - 1) + » i* the *um of ihn •erica of 

tha following form : a, ar ^ m t ( ar i ♦») r i m ) f d: w J f i m » * 

and toon. • 
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316. The first term is 3, the oommon ratio is 8, the quantity 
to he subtracted (from the terms) is 2, and the number of terms is 
10. 0 you mathematician, think out and tell me quickly what 
happens to be here the sum of the series in geometrical progression, 
whereof the terms are diminished (by the specified quantity in the 
specified manner). 

The rule for arriving at the first term, the common difference 
and the number of terms, from the mixed sum of the first term, 
the common difference, the number of terms, and the sum (of a 
given series in arithmetical progression) : — 

317. (An optionally chosen number representing) tho number 
of terms (in tho series) is subtracted from the (given) mixed sum. 
(Then) the sum of the natural numbers (beginning with one and 
going up to) one less than this optionally chosen number is 
combined with one. By means of this as the divisor (the remainder 
from the mixed sum as above obtained is divided). Tho quotient 
here happens to be the (required) common difference ; and the 
remainder (in this operation of division) when divided by the 
(above optionally chosen) number of terms as increased by one 
gives rise to the (required) first term. 

An example in illustration thereof . 

318. It is seen here that the sum (of a series in arithmetical 

progression) as oombined with the first term, the common difference, 
and the number of terms (therein) is 50. 0 you who know 

oaloulation, give out quiokly the first term, tho oommon difference, 
the number of terms, and the sum of tho series (in this oase). 

The rule for arriving at the common limit of time when one, 
who is moving (with successive velocities representable) as the 
terms in an arithmetical progression, and, another moving with 
steady unohanging velocity, may meet together aga^p (after start- 
ing at the same instant of time) 


917. fie* ftw uit 80- 82 in Ch. II and the note reUting to them. 
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319. The uuchanging velocity is diminished by the first term 
(of the velocities in series in arithmetical progression), aud is 
(then) divided by the half of the common difference. On adding 
one (to the resulting quantity), the (required) time (of meeting) 
is arrived at. (Whore two persons travel in opposite directions, 
each with a definite velocity), twice (tho avorago distaneo to bo 
covered by either of thorn) is the (whole) way (to be travelled). 
This when divided by the sum of their velocities gives rise to the 
time of (their) meeting. 

An example in illustration thereof. 

320. A certain person goes with a velocity of 3 in tho beginning 
increased (rogularly) by 8 ns the (successive) common difforonoe. 
The steady uuchanging velocity (of another person) is 21. What 
may be the time of their meeting (again, if they start from tho 
same place, at the same time, and move in the same direction)? 

An example in illustration of the latter half (of the rule given in 
the stanza above), 

321-32 1^. One man travels at the rate of 0 yojanas and another 
at tho rate of 3 yojanas. The (average) distuncc to he covered by 
either of them moving in opposite directions is 108 yojanas. 0 
arithmetician, toll mo quickly what flic time of tlioir meeting 
together is. 

The rule for arriving at the time and distunee of meeting to- 
gether, (when two persons start from the same phiee at the same time 
and travel) with (varying) velocities in arithmetical progression. 

322}, The difference between tho two first terms divided by 
the difference between the two common differences, when multiplied 
by tiro and increased by one. gives rise to the time of coming 
together on the way by the two persons travelling simultaneously 
(with two series of velocities varying in arithmetical progression). 

310. Algebraically. (»-«) ¥ tl=l, where v its the unchanging velocity, 
nii'l t the time. 

322}. Algebraioallv, n =s * * 2 + I- 


23 
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An example in illustration thereof. 

323 J. A person travels with velocities beginning with 4, and 
Increasing (successively) by the common difference of 8. Again,, 
a second person travels with velocities beginning with 10, and 
increasing (successively) by the common difference of 2. What is 
the time of their meeting P 

<1 

The rule for arriving at the time of meeting of two persons 
(starting at the same time and travelling in the same direction with 
varying velocities in arithmetical progression), the common differ- 
ence (in the one case) being positive, and (in the other) negative : — 

324 i . The difference between the two first terms is divided by 
half of the sum of the numbors representing the two (given) 
common differences, and (then) one is added (to the resulting quan- 
tity). This becomes the time of meeting on the way by tho two 
persons (starting at the same time and) travelling simultaneously 
(with velocities in arithmetical progression, the common difference 
in the one ease being positive and in tho other negative). 

An example in illustration thereof. 

82o£. The first man travels with velocities beginning with 5, 
and increased (successively) by 8 as the common difference. In 
the case of the socond person, the commencing velocity is 45, and 
the common difference is minus 8. What is the time of meeting ? 

The rule for arriving at the time of meeting of two persons, 
(starting at different times and) travelling (respectively) with a 
quioker and a less quiok velooity (in the same direction) 

326^. He who travels Ie*s quickly and ho who travols more 
quickly — both move in the same direction. What happens to 
be the distance to be overtaken here is divided by tho difference 
between those (two) velocities. In the course of the number of 
days represented by the quotient (here), the more quickly moving 
person goes to the less quickly moving one. 


324|. Compare this with tho rule jfiven iu 3224 above. 
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An example in illustration thereof . 

327$. A certain person travels at the rate of 9 ydjanas (a day) ; 
and 100 ytijanas havo already been gone over by him. Now, a 
messenger sent after him goes at the rate of 1 3 yojanas (a day). 
In how many days will this (mossengcr) meet him P 

The jule for forking out the circumferential number of 
arrows in the quiver with the aid of tho (givou) unevcu number 
of arrows (contained in the quiver ; and vu'P rend) ; — 

3C8$. Tho number of the circumferential arrows is increased 
by three and (then) halved. This is squared and (then) divided 
by three. On adding one (to the resulting quantity), the num- 
ber of arrows (in the quiver) is obtained. When, however, the 
number of the circumferential arrows has to bo arrived at, the 
reverse process is (to be adopted in relation to those operations). 

Examples in illustration thereof ■* 

329$. The circumferential number of the arrows is 9. Their 
total number, however, is not known. (What is that P). The 
total number of arrows (in tho quiver) is 13. Toll me, 0 arith- 
metician, the number of the circumferential arrows also in this 
case. 

'Hie rule for arriving at the number of bricks to he found in 
structures made up of layers (of bricks one over another) : 

330£. The square of the number of layers is diminished by 
one, divided by three f and v thcn), multiplied by the number of 
layers. On adding (to the quantity so obtained) the product, 
obtained by multiplying the optionally chosen number (represent- 
ing the bricks in the topmost layer) by the sum of the (natural 
numbers beginning with one and going np to the given) number 
of layers, the required answer is obtained. 

880 |. Algebraically, — ^ * x « + o x - (Vt . D j H the total number of 

brick a in the atrueture, where « in thp number of layer*, and a the optionally 
cho*on number of brick* in the topmost layer. The number of brick* along 
the length or breadth of any layer in one le*» than the name in the immediately 
lower foyer. 
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Examples in illustration thereof . 

331 There is constructed an equilateral quadrilateral structure 
consisting of 5 layers. The topmost layer is made up of 1 brick. 
0 you who know the calculation of mixed problems, tell me how 
many bricks there are (hero in all). 

332^. Thore is a structure built up of successive layers of bricks, 
which is in the form of the nawhjavarta . There are' 4 layers 
built symmetrically with 60 (as tho numerical measure of the 
top-bricks in single row). Tell me how many are all the bricks 
(here). 

Rules regarding the six things to be known in the scieneo of 
prosody : — 

333j-336| (The number of syllables in a given syllabic metre 
or chandas is causod to be marked in a separate column) by zero and 

'1 ho nandydvarta figure referred to in the stansais 

8331—330$. As each syllable found in a lino forming a quarter of a stanza 
may bo short or long, there arises a number of varieties corresponding to the 
different, arrangements of long and short syllables. In arranging those 
varieties, a certain order is followed. The rules given here enable ns to find 
out (1) the number of varioties possible in a metre consisting of a specified 
number of syllables, (2) ^he manner of arrangement, of the syllables in these 
varieties, (3) the arrangement of tho syllables in a variety specified by its 
ordinal position, (4) the ordinal position of a specified arrangement of 
syllables, (6) the number of varieties containing a specified number of long 
or short syllables, and (6) the amount of vertical Bpace required for exhibiting 
the varieties of a particular metre. 

The rules will be come clear from the following working of tho problems 
given in stanza 337$ : 

(1) Thore are 3 syllables in a metre ; now, we proceed thus : 

Now, multiplying bv 2 the figures in the 

_*r.L 1 a 

2|2 0 right-hand chain, we obtnin 0. By the prooess of 

1-1" 1 2 

(j multiplication and squaring, as explained in the 

note to stanza 04, Ch. IT, we get 8 ; and this is the 
number of varieties. 

(2) The manner of arrangement of the syllables in eaoh variety is arrived 
at thus 

1st. variety : 1, being odd, denotes a long syllable ; so tho first syllable is 
long. Add 1 to this 1, and divide the sum by 2; the 
quotient it mid, and denotes another long syllable. Again, 
l is added to this quotient 1, and divided by 2 ; the result, 
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by one (respectively), corresponding to the even (value) which is 
halved, and the uneven (value from which vt»e is subtracted, till 
by continuing these processes zero is ultimately reached. The 
numbers iu the chain of figures so obtained arei all doubled, (and 
then in the process of continued multiplication from the bottom to 
the top of the chain, those figures which come to have a s <ro above 
them )• are* squared. The (resulting) product (of this continued 
multiplication) gives the number s of t ho varieties of stanzas possible 
in that syllabic metre or chandaq). 

lho arrangement (of short and long svllables in all the varie- 
ties of stanzas so obtained) is shown to be arrived ut thus:- 
(lho natural numbers commencing with onr and ending with 
the measure of the maximum number of possible stanzas in the 
given metro being noted down), every odd number (therein) has 
onr added to it, and is (then) halved. (Whenever this process 
is gono through), a long syllable is decidedly indicated. Where 

again odd, denotes a third long tillable. TIiuh (Ik* llmt 
variety oonniHi »a of three lung syllablo*. ami in indicated 
tlius t t t . 

ilnd variety : 2, being oven, indicates a short syllable; whim this 2 is 
divided by 2, the quotient in 1, which odd imlicutes 

a long syllable. Add 1 to thin 1, and divide the sum by 2 j 
the quotient being odd indicate* n long syllable; tints vie 
get | t ( . • 

Similarly tho other six varieties are to bo found out. 

(d) The fifth variety, for instance, may be found out an above. 

(4) To find out, for instance, tho ordinal position of the variety, | J j 
wo proceed thus 

Below these syllables, write down I he terms of s tories in geotnotrionl pro- 
gression, having 1 as the fir*t term and 2 as the common ratio. Add the 
{ / | figures i and 1 under the the short syllables, ^and increase the sum by 1 j 
12 4 we get 0: and we, therefore, say that, thi* in the sixth variety in the 
tri-sy liable metre. 

\6) 8 oppose tho problem is : Mow many varieties contain 2 short syllables!' 
Write down the natural numbers in the regular ami in the inverse order, one 

below the other thus : * ^ jl Taking two terms from right to left, both from 

above and from below, wo divide the product of the former by the product of 
the latter. And the quotient 3 it the answer required . 

(G) It is proscribed that tho symbols representing the long and shot t syllables 
of any variety of metre should occupy an aitgula of vertical space, and that 
the intervening space between any two varictiea should also be an ai>f*la. Tin* 
amount, therefore, of vertical *j4\re required for the h varieties of IhJfc 
metre is 2 x 8 - 1 or ] .# avgulas. 
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tlio number is oven, it is (immediately) halved and this indioates 
a short syllable. In this manner, the process (of halving with or 
without the addition of one as the case may be, noting down at 
the same time the corresponding long and short syllables as 
indicated), is to be regularly carried on (till the actual number of 
syllables in the metre is arrived at in each case). 

(If the number representing in the natural -order any given 
variety of a stanza), the arrangement of the syllables wherein has 
to bo found out, (happens to be oven, it) has to be halved, and 
indicates a short syllable. (If it happens to be however odd), 
one has to be added to it, and (then) it is to be halved : and this 
indicates a long syllable. Thus (the long and short syllables have 
to be put down over and over again (in their respective positions), 
till the maximum number of syllables in the stanza is arrived at. 
Tins gives tho arrangement (of long and short syllables in the 
required variety of the stanza). 

Whore (a stanza of a particular varioty is given, and) its 
ordiual position (among tho varieties of stanzas possible in the 
metre) is to be found out, the terms (of a series in geometrical 
progression) commencing with one and lmviug tiro as the common 
ratio aro written down, (the number of terms in the series being 
equal to the number of syllables in' tho given metre. Above those 
terms, tho corresponding long or short syllables aro noted down). 
Then the torms (immediately) bolow the position of short syllables 
are all added; tho Bum (so obtained) is increased by one. (This 
gives the required ordinal number.) 

Natural numbers commencing with one } and going up to the 
number (of syllables in the given metre), arc writton down in the 
rogular and in the inverse (order in two rows) one below the other. 
When the numbers in the row are multiplied (1, 2, 3 or more at 
a time) from the right to tho left, and the products (so obtained 
in relation to the upper row) are divided by the (corresponding) 
products (in relation to the lower row), the quotient represents 
the result of the operation intended to arrive at (the number of 
yarieties of stanzas in the given metre, with 1, 2, 3 or more) short 
or long syllables (in the verse). 
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The possible number (of the varieties of stanzas in the given 
metre) is multiplied bv two aud (then) diminished by one. This 
result gives (the measure of what is called) adhvau t (whoroin un 
interval equivalent to a stanza is conocived to exist between every 
two successive varieties intho metre). 

9 * Examples in illustration thereof. 

337 In relation to the metre mado up of 3 syllables, toll me 
quickly the six things to be known viz., (1) the (maximum) 
number (of possible stanzas in tho metre). (2) the manner of 
arrangement (of the syllables in those stanzas), (3) the arrange- 
ment of the syllables (iu a given variety of the stanza, the ordinal 
position whereof among the possible varieties in tho metre is 
known), (4) tho ordinal position (of a given stanza), (5) the 
number (of stanzas in the given moire containing any given 
number) of short or long syllables, and (ft) tho (quantity known 
as) adhvan. 

Thus ends the process of summation of series in the chapter 
on mixed problems. 

Thus ends the fifth subject of treatment, known as 
Mixed Problems, in Sarasarigraha, which is a work 
on arithmetic by Mahaviracarya. 
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CHAPTER VII. 

CALCULATION RELATING TO THE MEASUREMENT 
OF AREAS. 

1. For the accomplishment of the object hell in view, I bow 
again and again with true earnestness to the most excellent 
Siddhas who havo realized the knowledge of all things.* 

Hereafter wc shall expound the sixth variety of calculation 
forming the subject known by the name of the Measurement of 
Areas. And that is as follows : — 

2. (The measurement of) area has been taken to be of two 
kinds by Jiua in accordance with (the nature of) the result, 
namely, that which is (approximate) for practical purposes and 
that which is minutely accurate. Taking this into consideration, 
I shall clearly explain this subject. 

8. (Mathematical) teachers, who have reached tho other shore 
of tho ocoan of calculation, have given out well (the various kinds 
of) areas as consisting of those that are trilateral, quadrilateral and 
ourvi-linear, being differentiated into their respective varieties. 

4. A trilateral area is differentiated in three ways ; a quadri- 
lateral one iu five ways; and a curvi -linear one in eightways. 
All the remaining (kinds of) areas are indoed variations of tho 
varieties of these (different kinds of areas). 

5. Learned men say that the trilateral area may be equilateral, 
isosceles or scalene, and that tho quadrilateral area also may be 

o and 6. Tho various kind* of unclosed areas mentioned in those afaniaa are 

/ 
Vifftmatribliuja = Scalene 
trilateral fijaro. 
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equi-lateral, equi-diohastic, equi-bilateral, equi-trilateral and in- 
equi- lateral. 


4 • . 


Samncatura^ra = Equilateral 
quadrilateral. 



Vifnmacaturadra = Inequilateral 
quadrilateral. 





5 


DvidviAamaeatiirarfrn ■■ Kqui-dlohaatio 
({uadrilatera]. 



TriHamacaturuAra ■* Kqui-trilateral 
quadrilateral. 



« ^ftmavftta = Circle. 



24 


Ardhavrtia — Semicircle. 
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6. (The ourvi-linear area may be) a oircle, a semicircle, an 
ellipse, a oonohiform area, a ooncave ciroalar area, a oonvex 
oiroular area, an out-lying annulus or an in-reaohing annulus. 



Kambuk&vftta = conchiform Nimnavftta = concave 
area. oironlar area. 


Unnalavrfcfa = convex 
circular area. 


IS 



16 



BahiScakravslavrtta = Out-lying AntaScak rav&lavrtta = In- 

annnlue, reaching annul at. 

Prom a consideration of the rules given for the measurement of the dimen* 
■ions and areas of quadrilateral figures, it has to be oonoluded that all the 
quadrilateral figures mentioned in this ohapter are cyclic. Hence an equilateral 
quadrilateral is a square, an equidichastio quadrilsteral is an oblong; and cqoi* 
bilateral and equi-trilateral quadrilaterals have their topside parallel to the base. 
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Calculation relating to approximate measurement 
(of areas), 

The rule for arriving at the (approximate) raoasuro of the 
areas of trilateral and quadrilateral fields : — 

7. The product of the halves of the sums of the opposite sides 
beoomejthe (quantitative) measurement (of the area) of trilateral 
and quadrilateral figures. In the case of (a figure constituting a 
oircular annulus like) the rim of a wheel, half of the sum of the 
(inner and outer) oiicu inferences multiplied by (the measure of) 
the breadth (of the annulus gives the quantitative measure of the 
area thereof). Half of this result happens to be here fcho area of 
(a figure resembling) the orescent moon. 

Examples in illustration thereof. 

• 8. In tho case of a trilateral figure, 8 dandas happen to bo the 

measure of the side, tho opposite side and tho base ; toll me 
quickly, after calculating, tho practically approximate value (of the 
area) thereof. 

9. In tho case of a trilateral figure with two equal sides, the 
length (represented by tho two sides) is 77 dandas ; and the 
breadth (measured by tho base) is 22 dandas associated with 2 
hastes. (Find out the area.) 


7. A trilateral flgnre is hero oonceivod to be formed by making tho topaido, 
the aide oppoaite to tho base, of a quadrilateral ao amall oa to be negieoted. 
Then the two lateral aidea of the trilateral figure become tho oppoaito aidea, 
the topaide being taken to bo nil in value. Hence it ia that the role apeaka 
of op]K>aite aidea even in the case of a trilateral figure. * 

Aa half the turn of the two aidea of a triangle ia, in all cases, bigger than the 
altitude, the value of the area arrived at aooording to thia role cannot be aeon* 
rate in jury instance. 

In Regard to quadrilateral figurea the value of the area arrived at accord* 
ing to this rule can be accurate in the oase of a square and an oblong, but only 
approximate in other caaea. 

Shni is the area enclosed between the oiroumfersnoes of two concentric 
oircles j and the rule here stated for finding out the approilmate measure of the 
area of a NimikfHra happens to give the aocurate measure thereof, 

In the ease of a figure reaembling the crescent moon, it ia evident that the 
result arrived at aooording to the rule gives only an approximate measure of • 
the area. 
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10. In the case of a scalene trilateral figure, one side is 18 dandas t 
the opposite side is 15 dandas ; and the base is 14 dandas, So what 
is the quantitative measure (of the area) of this (figure) P 

11. In the oase of a figure resembling (the medial longitudinal 
section of) the tusk of an elephant, the length of the outer curve 
is seen to be 88 dandas ; that of the inner ourve is (seen to be) 
72 dandas ; the measure of (the thickness at) th<5 root v of the tusk 
is 30 dandas . (What is the measure of the area ?) 

12. In tho case of an equilateral quadrilateral figure, the sides 
and the opposite sides (whereof) are eaoh 60 dandas in measure, 
you tell me quiokly, 0 friend, the resulting (quantitative) measure 
(of the area thereof). 

13. In the oase of a longish quadrilateral figure here, the length 
is 61 dandas , the breadth is 32, Give out the practically approxi- 
mate measure (of the area thereof) . 

14. In the oase of a quadrilateral with two equal sides, the" 
length (as measured along either of the equal sides) is 67 dandas , 
the breadth of this figure is 38 dandas (at the base) and 33 dandas 
(at the top. What is the measure of the area of the figure ?) 

15. In the case of a quadrilateral figure with three equal 
sides, (eaoh of these) three sides measures 108 dandas , the (remain- 
ing aide here called) mukha or top-side measures 8 dandas and 3 
hastas. Accordingly, tell me, 0 mathematician (the measure of 
the area of this figure). 

16. In the oase of a quadrilateral tho sides of which are all 
unequal, the side forming the base measures 38 dandas> the side 
forming the top is 32 dandas : one of the lateral sides is 50 dandas 
and the other is 60 dandas . What is (the area) of this (figure) P 

17. In an annulus, the inner oiroular boundary measures 30 
dandas ; the outer oiroular boundary is seen to be 300. The breadth 


11. The shape of the figure mentioned in this stansa 
, seems to be what is given here in the margin : it is 
[intended that this shonld be treated as a trilateral figure, 
, and that the area thereof should be found oat in acoordanoe 
* 1 with the rale given in relation to trilateral figures. 




CHAPTER VII — MEASUREMENT OF AREAS. 


189 


of the annulus is 45. What is the calculated measure of tho area 
of (this) annulus P 

18. In the case of a figuro resembling thecresoent moon, the 
breadth is seen to be 2 hastas i the outer ourvo 08 hasta* , and 
the inner curve 82 hastas. Say what the (resulting) area is. 

Thf rule for arriving at the (practically approximate value of 
the) area of the cirole : — 

19. The (measure of the) diameter multiplied by three is the 
measure of the circumference ; and the number representing tho 

/square of half tho diameter, if multiplied by three, gives tho 
(resulting) area in the case of a completo eirolo. Touchers say 
that, in the case of a semicircle, half (of those) givo (respectively) 
the measure (of the circumference and of tho area). 


Examples in illustration thereof. 

20. In the case of a eirolo. tho diameter is 18. What is the 
circumference, and what tho (resulting) area (thereof) P In tho 
oase of a semicircle, the diameter is 18 : toll mo quickly what the 
calculated measure is (of the area aw woll as of the circum- 
ference). 

The rule for arriving at (tho valuo of) the area of an elliptical 
figure : — 

21. The longer diameter, increased by half of the (shorter) 
diameter and multiplied by two, gives the measure of the cir- 4 
cumfprenoe of tho olliptieal figure. Onc-fpurth of tho (shorter) 
diameter, multiplied by tho oircumferencc, gives riso to the 
(measure of tho) area (thereof). 


10. Tho approximate character of the measure of tho circumference a« woll 
at of tho area as given hero is due to the valuo of * Mu# taken es 3. 

21. The formula given for tho circumforonoo of an ellipse is evidently 
an approximation of a different kind. The area of an ellipse is ». a.b, where 
a and b are the semi-exes. If tr is taken to be equal to 3, then *. a,b, a * 3 
Bat the formula given in the stansa makes the area equal to 2ab + 
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An example in illustration thereof. 

22. In the case of an elliptical figure the (shorter) diameter is 
12, and the longer diameter is 36. What is the oiroumference and 
what is the (resulting) area (thereof) P 

The rule for arriving at the (resulting) area of a conchiform 
curvilinear figure # * 

23. In the case of a conohiform curvilinear figure, the 
measure of the (greatest) breadth diminished by half the measure 
of the mouth and multiplied by three gives the measure of the 
perimeter. One-third of the square of half (this) perimeter, 
increased by three-fourths of the square of half the measure of the 
mouth, (gives the area). 

An example in illustration thereof \ 

24. In tho oase of a conohi-form figure the breadth is 18 hastas , 
und the moasure of the mouth thereof is 4 (hastas). You tell me 
what the perimeter is and what tho calculated area is. 

Tho rule for arriving at the (resulting) area of the concave 
and convox circular surfaces : — 

25. Understand that one-jourth of the circumference multiplied 
by tho diameter gives rise to the calculated (resulting) area. 
Thenoo, in the oase of ooncave and convex areas like that of a 


23. If a is tho diarnetor and m is tho measure of tho mouth, then 3 (a — $ m) 
it tho meaturo of the circumference ; and | _ 8 ( a m )_ J x - + - x 


it tho meaturo of the area. The exnot thape of the figure it not olearTrom the 
description given ; but from the values given for the oircumferenoe and the ar&, 
it may bo oonoeived to consist of 2 uuoqual semicircles plaoed to that their 
diametert ooinoide in position os shown in figure 12, given in the foot-note to 
ttanta 6, in this chapter. 

25. Tho area hero tpeoified soems to be that of the surface of the segment of a 
sphere ; and the measure of the area is stated to be, when symbolically represented, 


equal to ~ x d, where c is tho oircumferenoe of the sectional circle, and d is 


the diameter thereof. But the area of the surface of a spherical segment of 
this kind is equal to 2 w. r.h, where r is the i adius of the seotional oirole and 
a is the height of the spherioal segment. 
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•aorifioial fire-pil and like that of (tho baok of) the tortoise, (the 
required result is to be arrived at). 

As example in illustration ihereqf. 

26. In tho caso of tho area of a sacrifioial fire-pit tho measure 
of the diameter is 27, and the measure of tho circumforoneo is 
seen tc^be.56. What is the oaloulated measuro of the area of 
that same (pit) ? 

An example about a convex circular surface resembling ( the 
back) of a tortoise. 

27 The diameter is 15, and the circumference is seen to be 
36. In the case of this area resembling the (back of a) tortoiso, 
what is the practioally approximate measure as calculated P 

The rule for arriving at the practioally approximate vtiluo of 
the area of an in-lying annular figure as well as of an out-renohiug 
annular figure : — 

28. Tho (inner) diameter inoroased by tho broadth (of the 
annular area) when multiplied by three and by the breadth (of tho 
annular area) gives tho calculated measure of tho area of the out- 
reaohing annular figure. (Similarly tho measuro of tho calculated 
area) of the in-lying annular figure (is to be obtainod) from tho 
diameter as diminished by tho breadth (of tho annular area). 

Examples in illustration thereof. 

29. The diameter is 18 hast as, and tho* breadth of tho out- 
reaching annular area is 3 in this case : the diameter is 18 hastas 
and again the breadth of the in-lying annular area is 3 hastas. 
What may be (the area of the annular flguru in each case) P 


38. The shape of the as well sa of the 

is identical with the shape of the mentioned in the not* to stansa 7 in this 

chapter. Hence the rule givon for arming at the area of alt these figures works 
out to be the same practically. 
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The rule for arriving separately at the numerical measures of 
the circumference, of the diameter, and of the area of a oiroular 
figure, from the combined sum obtained by adding together the 
approximate measure of its area, the measure of its oircumference 
and the measuro of its diameter 

3ft. In relation to the combined sum (of the three quantities) 
as multiplied by 12, the quantity thrown in so a§ to be added is 64. 
Of this (second) sum the square root diminished by the square 
root of the quantity thrown in gives rise to the measure of the 
circumference. 

An example in illustration thereof \ 

31. The combined sum of the measures of the circumference, 
of the diameter and of the area (of a circle) is 1116. Tell me 
what the (measure of the) circumference is, what (that of) the 
calculated area and what (of) the diameter is. 

The rule for arriving at the practically approximate value of 
surface-areas resembling (the longitudinal seotions of) the yava 
grain, (of) the mar dala, (of) the panava , and (of) the vajra : — 

32. In the case of areas shaped in the form of the yava 
grain, of the muvaja ) of the panava and of the vajra, the 


80. This rule will be clear from the following algebraical representation : — 

Let c bo fcbe circumference of the cirolo. As r iB taken to be equal to 8, 
t c 8 

is the diameter and 3 — is the area of the circle. If m stands for the 
3 3(3 

combined sum of the cirou inference, the diameter and the area of the oircle, then 
the rule given in the sfcansa to the effect that c = /\/l2 m -p 64 — 64 may be 

easily arrivod at from the quadratic equation containing the data in the 
c c ^ 

problem:-- c + -— +3 — = tn. 

o o(J 

32. Muraja means the tamo thing as mardala and mfdanga. The shape of 
the various figures mentioned in this stansa is as follows » 

<0 O ixi 

Yavikirak$6tra. Muraj&karak?0tra. Papavikaraksetra. Vajrlkirakffttra. 
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(require dmeasurement of) &rea is that whioh results by multi- 
plying half the sum of the end measure and the middlo moasure 
by the length. 


Examples in illustration thereof. 

33. Jn the oa^e of an area resembling the configuration of 
a yava grain, the length is 80 and the breadth in tho middle is 
40. Tell me, what may be tho oaloulated measure of that area P 

34. Tell (me what may be the calculated measure of tho area) 
in relation to a fiold which has tho outline configuration of tho 
mrdanga , and of which the longth is 80 dandas v tho end measure 
is 20 and tho middle measure is 40 dandas. 

35. in the case of a field having the outline of tho panava t 
the length is 77 dandas , tho measure of each of the two ends is 8 
dandas , and tho measure in tho middle is 4 dnijdas. (What is tho 
measure of the area P) 

36. Similarly in tho case of a field having tho outline of the 
vajra , the length is 96 dandas , in the middlo there is tho middle 
point ; and at the ends tho measure is 18-J dandae. (What is the 
measure of the area ?) 

The rule for arriving at the measure of areas such as the 
ubhaya-nisddha or di-deficient area : — 

37. On subtracting the product of the longth into half the 
breadth from the product of the length into the breadth, you 


The measure* of tho area arrived at according to th*» rule given in this itenua 
are approximately oorrect in the caie of all the figures, as the rule is based on 
the assamption that each of the bounding curved lines may be taken to be equal 
to tbo ram of two straight lines formed by Joining the ends of the curves with tho 
middle point thereof. 

87. The figures mentioned in this ston*% are those given below 
Those are looked 
upon as being derived 
from a quadrilateral 
figure which it divided 
into low triangles by 
means of its diagonals , 

t reating each other. The 




25 
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deolare the measure of the di-deficient area. That whioh is 
less (than the latter produot here) by half of this (above-mentioned 
quantity to be subtracted) is the measure of the area of the 
uni-defioient figure. 

An example in illustration thereof. 

38. The length is 30, and the breadth is only 18 dandas. 
What is the resulting measure of the area in the oase of a di- 
deficient area, and what in the case of the uni-defioient area ? 

The rule for arriving at the practically approximate measure 
of the area of fields resembling the outline of a multiplex 
vajra : — 

39. One-third of the square of half the perimeter, divided bv 
the number of sides and (then) multiplied by the number of sides 
as diminished by one , gives indeed in the result the value of the 
area of all figures made up of sides. In the case of the area 

di-deftoient. figme is that in which any two of tho opposite triangles out of the 
four making up the quadrilateral are left out of consideration, tho nni-dofioient 
figure being that in whioh only one out of the four triangles is neglected. 

39. Tho rule stated in this stanza gives tho area of figures made up of 
any number of sides. If s is half the sum of the measures of the sides, 

and n the number of sides, the area is said to be equal to ** x w ~ This 

formula is found to give the approximate value of the area in the oase 
I of a triangle, a quadrilateral, a hexagon and a circle conceived as a figure of 
infinite number of sides. The other part of the rule deals with the interspace 
bounded by parts of circles in oontact, and the value of the area arrived 
at according to the rule here given is also approximate. The figure below 
shows an interspace so bounded by four touching circles. 
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inoladed between circles (in contact), one-fourth (of the result 
thus arrived at gives the required measure). 

Examples in illustration thereof . 

40. In the case of a six-sided figure the measure of a sido is 5, 
and in the case of another figure of 16 sides the measure of a 
side i%3. ^Give put (the measure of the area in eaoh case). 

41. In the oase of a trilateral figure one of the sides is 5, the 
opposite (*>., the other) side is 7, and the base is 6, In the oase 
of another hexa lateral figuro the sides are in measure from 1 to 6 
in order. (Find out the valuo of the area in eaoh oase). 

*2. (Give out) the valuo of tho interspace included inside 
four (equal) circles (in contaot) having a diameter whioh is in 
measure ; and (givoout) the value of tho aroa of tho interspace 
included inside three circles having diameters measuring 6, 6 
and 4 (respectively), 

The rule for arriving at the practically approximate area of a 
field resembling a bow in outline 

43 In the case of a bow-shaped field tho calculated measure 
(of the area) is obtained by adding together (the measure of) the 
arrow and (that of ) tho string and multiplying the sum by half 
(the measure) of tho arrow. Tho square root of tho square of the 
(measure of the) arrow as multiplied by 5 and (then) as oombinod 
with the squaro of tho (measure of tho) string gives tho (measure 
of the bent) stick (of the bow). 


43. The field resembling a bow in outline is in fact the segment of a oirolo, 
the bow forming the aro, the bow-string forming She chord, and the arrow 
measuring the greatest perpendicular distanoe between the arc and tho chord. 
If a, c, and p represent tbe lengths of these throe lines, then, according to the 
rale* given in stansas 48 and 45 — 

Area =* [c ♦ p) x -| 

Length of bow = Vb p * ♦ c 3 

„ of arrow — 5 

tl of bow-string 

For aoourote value «« stansas 73 4 and 74$ in thia chapter. 
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An example m illustration thereof \ 

44. A bow-shaped field is seen whereof the string-measure is 
26, and the arrow-measure is 13. Tell me quickly, 0 mathemati- 
cian, what the oaloulated measure of this (area) is, and what the 
measure of this (bent) stick (curve). 

The rule for arriving at the arrow-measure as well»as the 
string-measure (in relation to a bow-shaped field) : — 

45. The difference between the squares of the string and of the 
bent bow is divided by 5. The square root (of the resulting 
quotient) gives the intended measure of the arrow. The square 
of the arrow is multiplied by 5 ; and (this produot) is subtracted 
from the square (of the aro) of the bow. The square root (of 
the resulting quantity) gives the measure corresponding to the 
string. 


Examples in illustration thereof. 

46. In the case of this (already given bow-shaped) field the 
measure of the arrow is not known ; and in the case of another 
(similar field) the measure of the string is not known. 0 you who 
know oaloulation, give out both these measures. 

The rule for arriving at the practically approximate value of the 
area of the circle which is oircumsoribed about or inscribed within 
a four-sided figure : — 

47. Half of three times (the measure of the area of the inscribed 
quadrilateral figure) gives the measure of the area of the oirole in 
the oase in whioh it is circumscribed outside. In the case where 
it is inscribed within and the quadrilateral is the other way* 
(t.*., esoribed), half of the above measure (is the required quantity). 


47. -The formula here given may be seen to be accurate in the oase of a 
t square, but only approximate in the oaae of other quadrilaterals, if 8 be taken to 
be the oorreot value of w. 
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An example in illustration thereof \ 

48. In relation to a quadrilateral figure, each of whose sides 
is 15 (in measure), tell me the practically approximate value of the 
inscribed and the escribed ciroles. 

Thus ends the calculation of praotioally approximate value in 
relation to afeas. 


The Minutely Accurate Calculation of the 
Measure of Areas, 

Hereafter in the calculation regarding the measurement of 
areas we shall expound tho subject of treatment known as 
minutely aoourato calculation. And that is as follows : 

The rule for arriving at tho measure of tho perpondicular (from 
the vertex to the base of a given triangle) and (also) of tho sogmonts 

into which tho base is thoreby divided) 

49 Tho process of mnkramana carried out between the base 
and the difference Between the squares of the sides as divided by 
the base gives rise to the values of the two sogmonts (of the base) 
of the triangle. Wned teachers say that the squaro root of the 
difference between the squares of (either of) these (segment.) and 
of the (corresponding adjacent) side gives nso to tbo measure of 
the perpendicular. 



-a Va* C|* or — c t l . Here a, b, e, represent the measures 

of tho tides of s triangle, e lt c, the measure* of the •egments of the bsse whoso 
total length io e j and p represents the length of tho perpendicular. 
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The rule for arriving at the minutely accurate measurement of 
the area (of trilateral and quadrilateral figures) : — 

50. Four quantities represented (respectively)' by half the sum 
of the sides as diminished by (eaoh of) the sides (taken in order) 
are multiplied together ; and the square root (of the produot so 
obtained) gives the minutely accurate measure (of the area of the 
figure). Or the measure of the ‘areas may be arrived at by multi- 
plying by the perpendicular (from the top to the base) half the 
sum of the top measure and the base measure. (The lattor rule 
does) not (hold good) in the case of an inequi-lateral quadrilateral 
figure. 


Examples in illustration thereof . 

51. In the oase of an equilateral triangle, 8 dandas give the 
measure of the base as also of each of the two sides. You, who 
know oaloulation, tell me the accurate value of the area (thereof) 
and also of the perpendicular (to the base) as well as of the 
segments (of the base caused thereby). 

52. In the case of an isosceles triangle (each of the) two (equal) 
sides measures 13 dandas , and the base measures 10. (What 
is) the accurate measure of the area thereof, and of the perpeudi- 

# 

60, Algebraically represented : — 

A rea of a trilateral figure = V * (s - a) (s — b) (a - c) ; wher® 
« iB half the Burn of tho sides, a, b, e , the respective measures of 
the sides of tho trilateral figure { 
c 

or ~~~2 x P > w h 0ro 9 ** the perpendicular 

distance of the vertex from the base. 

Area of a quadrilateral figure = V (s—a) (s — 6) (e — c) (« — d) 
where a is half tlhe sum of the Bides, and a, 6, c, d the 
measures of the respective sides of the quadrilateral figure ; 

• d + d . . . .. 

or = — x p (exoept in the oase 

of an inequilateral quadrilateral) where p is the measure of 
either of the perpendiculars drawn to the base from the extremi- 
ties of the top side. 

The formulas here given for trilateral figures are oorreot ; bat those given for 
qaadril&tr&l figures hold good only in the oase of oyclio quadrilaterals, as in 
these formulas sight is lost of the fact that for the same measure of the sides the 
value of the area as well as of the perpendioular may vary. 
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oultir (to the base) as also of the segments (of the base oaused 
thereby) P 

53. In the oase of a Boalene triangle one of the sides ia 13 (in 
measure), the opposite side is 15, and the base is 14. What 
indeod is the calculated measure (of the area of this figure), and 

what of the perpendicular (to the base) and of tho basal segments P 

* . • 

Hereafter (we give) the rulo for arriving at the valuo of the 
diagonal of the fivo varieties of quadrilateral figures. 

54. The two quantities obtained by multiplying the basal side 
by tho (larger and the smaller of the right and the left) sides are 
(respectively) combined with the two (other) quantities obtained by 
multiplying the top side by tho (smaller and the larger of tho right 
and the left) sides. Tho (resulting) two sums constitute tho multi- 
plier and the divisor as also the divisor and the multiplier in 
relation to the sum of the products of the opposite sides. Tho 
square roots (of the quantities so obtained) give tho roquired 
measures of tho diagonals. 

Examples in illustration thereof . 

55. In the case of au equilateral quadrilateral which has all 
around a side measure of 5, toll me quickly, 0 friend who know 
the secret of calculation, the value of the diagonal and also tho 
aoourate value of the area. 


64. Algebraically represented the measure of the diagonal of a quadrilateral 
figure as given here in — 




(oe + ftd) (aft+cd) 


Hoc + bd) (ad + to). 
V a b r cd r 


ad + be 

These forthul&s elan are oorrect only for cyclic quadrilaterals. HhiUkari' 
ctrya ia aware of the futility of attempting to give tie measure of tho area of 
a quadrilateral without previously knowing tho values of the perpendicular or of 
the diagonal*. Vide tho following stanza from his Lildvati 

liuU& E M fofoqmrc; wt I 

fSfoTT Vtft rftWW I! 

TT fanvt ST SrfiT ST f»RRf I 

wt W ^T% II 
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56. In the case of a longish quadrilateral, the (horizontal) aide 
is 12 in measure and the perpendioular side is 5 in measure. 
Tell me quiokly what the measure of the diagonal is and what the 
accurate measure of the area. 

57. The basal side of an equi-bilateral quadrilateral is 36. One 
of the sides is 61 and the other also is the same. The top side is 
14. What is the diagonal and what the accurate measufe of the 
area? 

58. In the oase of an equi-trilatoral quadrilateral, the square of 
13 (gives the measure of an equal side) ; the base, however, is 407 
in measure. What is the value of the diagonal, of the basal 
segments, of the perpendicular and of the area ? 

59. The (right and the left) sides of an inequilateral quadri- 
lateral aro 13 x 15 and 13 X 20 (respectively in measure); the 
top side is 5 s , and the side below is 300. What aro all the values 
here beginning with that of the diagonal ? 

Hereafter (are given) the rules for arriving at the 
minutely acourate values relating to curvilinear figures. Among 
them the rule for arriving at the minutely aocurate values 
relating to a circular figure is as follows : — 

60 . The diameter of the oircular figure multiplied by the 
square root of 10 beooraes the circumference (in measure). The 
circumference multiplied by (one- fourth , of the diameter gives the 
area. In the case of a semicircle this happens to be half (of 
what it is in the case of the oircla). 

Examples in illustration thereof. 

61 . In the oase of one (oircular) field the diameter of the 
oirole is 18 ; in the ease of another it is 60 ; in the case of yet 
another it is 22. What are the oiroumferences and the areas ? 


60. The value of ir gives in this stauia is ylO, xhioli is equal to 3‘16 

Compare this with the more approximate value (=* 3*1416) given by 

20000 

Aryabhata. Bhaskarftctrya also gives to it the same value, aud represent* it In 
. , . 3927 

** reduced terms as — 

iif6" 
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62. In the case of a semioiroular Held of a diameter measuring 
12, and of (another) field having a diameter of 36 in measure 
what is the oiroumferenoe and what the area ? 

The rule for arriving at the minutely aoourate values relating 
to an elliptical figure 

63. # The square of the (shorter) diameter is multiplied by 6 
and the square of twice the length (as measured by the longer 

f diameter) is added to this. (The square root of this sum gives) the 
measure of the circumference. This measure of tho oiroumferenoe 
multiplied by one-fourth of the (shorter) diameter gives the 
minutely accurate measure of the area of an elliptical figure. 

An example in illustration thereof, 

64. In the oaee of an elliptical figure, tho length (as measured 
by the longer diameter) is 36, and tho broadth (as measured by 
the shorter diameter) is 12. Tell me, after calculation, what the 
measure of the oiroumferenoe is, and what the minutely accurate 
measure of the area. 

The rule for arriving at the minutely accurato values in rela- 
tion to a conohiform figuro 

6h* The (maximum measure of the) breadth (of the figure), 
diminished by half (the measure of the broadth) of the mouth, 
and (then) multiplied by the square root of 10, gives rise to the 
measure of the perimeter. Tho square of half tho (maximum) 


68. If a represent* the meaeure of the longer diameter end b that of the 
•horter diameter of an ollipae, then, according to the rule given h ere, the oir- , 
cnmferenoe it V 6 7 4n 4 , end the area in V 66* + Ui*. It may be 

noted that this atariaa, ee found in the MSS., oiuite to mention that the eqnare 
root of the quantity i» to be taken for arriving at the vela* of the oircnmfertnoe. 
The formula for the area given here i» only an approximation, artl *ee»a to be 

baaed on the analogy of the area of a circle ue ropreaented by * d x where 
d ia the diameter and wd ia the circumfcrenoo. 

66ft. Algebraically, circumference = (a - | o») x V 10 \ 

* i }’ + (^y]x yiO; whore a i» the hmmhj. at tb% 
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breadth (of the figure) as diminished by half the (breadth of 
the) mouth, and the square of one-fourth of the (breadth of the) 
mouth are added together; and the resulting sum is multiplied 
by the square root of 10. This gives rise to the minutely aoourate 
measure of the area in the oase of the conohiform figure. 

An Example in illustration theredf. 

06J. In the case of a oonchiform curvilinear figure the (maxi- 
mum breadth is 18 dandas, and the breadth of the mouth is 4 
(dandas). What is the measure of the perimeter and what the 
minutely aoourate measure of the area as calculated ? 

The rule for arriving at the minutelj aoourate measures in 
relation to outreaohing and inlying annular figures 

67^. The (inner) diameter, to whioh the breadth (of the annulus) 
is added, is multiplied by the square root of 10 and by the breadth 
(of the annulus). This gives rise to the value of the area of the 
out-reaohing annulus. The (outer) diameter as d iminished by the 
breadth (of the annulus) gives rise (on being treated in the same 
manner as above) to the value of the area of the inlying annular 
figure. 


Examples in illustration thereof, 

68-J. Eighteen dandas measure the (inner or the outer) dia- 
meter of the annulus (as the oase may be) ; the breadth of the 
annulus is, however, 3 (dandas). You give out the minutely 
aoourate value of the area of the outreaohing as well as the inlying 
annular figure. 

09£. The (outer) diameter is 18 dandas , and the breadth of the 
inlying annulus is 4 dandas. You give out the minutely accurate 
value of the area of the inlying annular figure. 


maximum breadth, and m the measure of the mouth of a conchiform figure. Aa 
observed in the note relating to stansa 23 of this chapter, the figure intended it 
obviously mads up of two unequal semicircles. 
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The rule for* arriving at the minutely accurate values relating 
to a figore resembling (the longitudinal seotion ol) the yava grab, 
and also to a figure having the outline of a bow 

70|. It should he known that the measure of the string 
(chord) multiplied by one-fourth of the moasure of the arrow, and 
then multiplied by the square root of 10, gives rise to the (aoou- 
rate) vaiue gf the area in the case of a figure having the outline of 
a how as also in the caso of a figuro resembling the (longitudinal) 
section of a yava grain. 

Example* in illustration thereof . 

711 In the case of a figure resembling (the longitudinal) 
seotion of the yava grain, the (maximum) length » 12 
the two ends are noodle points, and the breadth in the middle is 
4 dandas. What is the area ? 

724 In the caso of a figure having the outline of a bow, the 
string is 24 in measure ; and its arrow is taken to be 4 ^measure. 
What may ho the minutely accurate valuo of the aroaP 

The rule for arriving at the measure of the (bent) stick of the 
bow os well as of the arrow, in the case of a figure having t e 

outline of a bow . u . , i a 
731. The square of the arrow measure is multiplied by 6. 

To this is added the Bquare of the string measure. ho 8qattre 

-7^7^77777^ •*— * ° f ‘ drol °- Th * 

irea of the .egment a. given hero = i»'« V 10 - 


area of the .egment a. given hero -<«'« V 10 - 

Thi. formula is not aoonrato. It. earn, to bo bawd r >V 

on the Analogy of the rule for obtaining the area of a £ 1 ^ 

dnet of the diameter and one-fourth of the 

The flgnro rewmbling tho lon ^ tU ^“j ^menU oU oirels applied tooaoi 
Hen to bo made up of ^ t that ia thi. * th. vain, o 

other ao a. to h.ve a common chord. U to rmalai» made to hold goo 

th» arrow-line booomo. doubled. Ihu.tn 

here »leo. . . 

71* k 7*i. Algebraic ally > 

„ c = v v + ^ 1 

a 1 — C* 

perpendicular q 

ohord «= v'a* — 6 p* ■ • 
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root of that (which happens to be the resulting sum here) gives 
rise to the measure of the (bent) bow-stick. In the oase of finding 
out the measure of the string and the measure of the arrow, a 
course oon verse to this is adopted. 

The rule relating to the process according to the oonverse (here 
mentioned) : — 

74£. The measure of the arrow is taken to be the square root 
of one-sirth of the difference between the square of the string and 
the square of the (bent stick of the) bow. And the square root of 
the remainder, after subtracting six times the square of the arrow 
from the square of the (bent stick of the) bow, gives rise to the 
measure of the string. 

An example in illustration thereof. 

75£. In the case of a figure having the outline of a bow, the 
string- measure is 12, and the arrow-measure is 6. The measure 
of the bent stick is not known. You (find it out), 0 friend. (In 
the oase of the same figure) what will be the string-measure (when 
the other quantities are known), and what its arrow-moasure (when 
similarly the other requisite quantities are known) P 

The rule for arriving at the minutely accurate result in relation 
to figures resembling a Mrdahga, and having the ontline of a 
Panava , and of a Vajra — 

76£. To the resulting area, obtained by multiplying the 
(maximum) length with (the measure of the breadth of) the 
mouth, the value of the areas of its associated bow-shaped figures is 
added. The resulting sum gives the value of the area of a figure 
resembling (the longitudinal section of) a Mrdahga. In the oase 

In giving the rule for the measure of the are in term* of the ohord and the 
largest perpendioular disfcanoe between the arc and the ohord, the aro forming 
a semioirole is taken as the basis, and the formula obtained for it is utilised for 
arriving at the value of the aro of any segment. The semidroolar aro = r x 
V 10 as V 10r*= V Hr * -f 4r* : baaed on this is the formula for any aro j 
where p — the largest perpendicular distanoe between the aro and the ohord, 
and e = the ohord. 

76i. The rationale of the rule here given will be dear from the figure* 
given in the note under stansa 32 above. 
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of those two (other) figures which resemble (the longitudinal 
section of) the Panaca, and (of) the Vajra , that (same resulting 
area, which is obtained by multiplying the maximum length with 
the measure of the breadth of the month), is diminished by the 
measure of the areas of the associated bow-shaped figures. (The 
remainder gives the requird measuro of tho area ooncorncd.) 

• . 

Examples in illustration thereof, 

77|. In the case of a figure having the outline configuration 
of a Mrdanga , the (maximum) length is 24 ; tho breadth of (eaoh 
of) the two mouths is 8 ; and the (maximum) breadth in the 
middle is 16. What is the area ? 

78J. In the case of a figure having tbe outline of a Panava , the 
(maximum) length is 24 ; similarly the measure (of the breadth of 
either) of the two mouths is 8 ; and the central breadth is 4. 
What is the area ? 

79£. In the case of a figure having tho outline of a Vajra ) 
the (maximum) length is 24 ; the measuro (of the breadth of either) 
of the two mouths is 8 ; and the centre is a point. Givo out as 
before what the area is. 

The rule for arriving at the minutely acourafco value of the 
areas of figures resembling (the annulus making up) the rim of 
a wheel, (resembling) the crescent moon and the (longitudinal) 
seotion of the tusk of an elephant : — 

80J. In the case of (a circular annulus resembling) the rim of 
a wheel, the sum of the measures of the inner and the outer 
ourvos is divided by 6, multiplied by the measure of the breadth 

sot. The role hero given for the area of an annulua, if expressed algebraic- 
ally, oomea to be x p x V 10, where a t and a, are tbe measures of 

the two oircumferenoes, and p is the measure of the breadth of tho annulus. On 
a oomparison of this value of the area of the annulua with tbe approximate valbe 
of the same as given in itansa 7 above (vids note thereunder), it will be evident 
that the formula here does not give the accurate value, the value mentioned 
in the rule in etanxa 7 being itself the aoourato value. The mistake seems to 
have arisen from a wrong notion that in the determination of the value of 
thie area, w is involved even otherwise than in the values of a, and a* 
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of the annulus, and again multiplied by the square root of 10, 
(The result gives the value of the required area.) Half of this is 
the (required) value of the area in the oase of figures resembling 
the oresoent moon or (the longitudinal section of) the tusk of an 
elephant. 

Examples in illustration thereof. 

81£. In the case of a field resembling (the ciroula/annulus 
forming) the rim of a wheel, the outer curve is 14 in measure and 
the inner 8 ; and the (breadth in the) middle is 4. (What is the 
area P) What is it in the oase of a figure resembling the ores- 
cent moon, and in the oase of a figure resembling (the longitudinal 
section of) the tusk of an elephant (the measures requisite for 
calculation being the same as above) P 

The rule for arriving at the minutely aoourate value of the 
area of a figure forming the interspace included inside four (equal) 
ciroles (touching eaoh other) : — 

82£. If the minutely aoourate measure of the 'area of any one 
/oirole is subtracted from the quantity which forms the square 
of the diameter (of the circle), there results the value of the area 
of the interspace inoluded within four equal circles (touching eaoh 
other). 

An example in illustration thereof. 

83 J. What is the minutely aoourate measure of the area of the 
interspace included within four mutually touching (equal) oiroles 
whose diameter is 4 (in value) P 


82J. The rationale of the rule will be clear from the figure below ■ 
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The rule for arriving at the minutely aoourate value of the 
figure formed in the interspace caused by three (equal) oiroular 
figures touching eaoh other 

84J. The minutely aocurate measure of the area of an equila- 
teral triangle, eaoh side of whioh is equal in measure to the 
diameter (of the circles) is diminished by half the area of any 
f of the (fhree equaf) circles. The remainder happens to be the 
measure of the interspace area caused by three (mutually touohing 
equal oiroles). 

An example in illustration thereof. 

85J. What is the minutely accurate oaioulated value of a 
figure forming the interspace enclosed by three mutually touohing 
(equal) circles the diameter (of each) of which is 4 in measure ? 

The rule for arriving at the minutely accurato values of the 
diagonal, the perpendicular and the area in the case of a ^regular) 
six-sided figure : — 

86£. In the oase of a (regular) six-sided figure, the measuro 
of the side, the square of the Bide, the square of the square of the 
* side multiplied respectively by 2, 3 and 3 give riso, in that some 
order, to the values of the diagonal, of the squaro of the perpendi- 
cular, and of the square of the measure of tho area. 



86$. The role seem* to contemplate a regular hexagon. Tho formula given 
for the value of the area of the hexagon ix \/3a\ whefe a ix the length of a aido, 
. 8 t/lT" 

The correct formula, however, ix a 1 x — *r- . 
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An example in illustration thereof \ 

87 J-. In the case of a (regular) six-sided figure eaoh side is 2 
dandas in measure; In relation to it, what are the squares of the 
measures of the diagonal, of the perpendioular and of the minutely 
accurate area of the figure P 


The rule for arriving at the numerical measure of the sum of a 
number of square root quantities as well as of the remainder left 
after subtracting a number of square root quantities one from 
another in the natural order : — 

88 (The square root quantities are all) divided by (such) a 
(common) faotor (as will give rise to quotients which are square 
quantities). The square roots (of the square quantities so obtained) 
are added together, or they are subtracted (one from another in the 
natural order). The sum and remainder (so obtained) are (both) 
squared and (then) multiplied (separately) by the divisor factor 
(originally used). The square roots (of these resulting products) 
give rise to the sum and the (ultimate) difference of the quantities 
(given in the problem). Know this to be the process of calculation 
in regard to (all kinds of) square root quantities. 


An example in illustration thereof. 

89J. 0 my friend who know the result of calculations, tell me 
the sum of the square roots of the quantities consisting of 16, 36 
and 100 ; and then (tell mo) also the (ultimate) remainder in 
relation to the square roots (of the same quantities). 

Thus ends the minutely accurate calculation (of the measure 
of areas). 


88^. The word karani ocourring here denotes any quantity the square root 
of which is to be found out, the root itself being rational or irrational as the oase 
may be. The rule will be dear from the following working of t.he problem given 

in stanza 8P# : — 

To find the value of v/10 + ^36 + y'lOO, and These 

ire to be represented us + 4 AF+ y25) j V 4 [ V*)} • 

= V4 (2 + 8 + 5); = VT [e - (3 - 2)J. 


— VT x V 100; 
= V 400"; 


« ✓ 4 X V 16. 

= Vi*. 

— 8 . 

♦ 
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Subject of treatment known as the Janya operation. 

Hereafter we shall give out the janya operation in calculations 
relating to measurement of areas. The rule for arriving at a 
longish quadrilateral figure with optionally chosen numbers as 
bijas : — 

90J. Iik the oase of the optionally derived longish quadrilateral 
figure the difference botween the squares (of tho btja numbers) 
y/ constitutes the measure of the porpondicular-side, the product (of 
the bija numbers) multiplied by two becomes tho (other) side, 
and the sum of the squares (of tho btja numbers) becomes the 
hypotenuse. 

Examples in illustration thereof. 


91 J. In relation to tho geometrical figure to bo derived option- 
ally, 1 and 2 are tho bijas to be noted down. Toll (me) quiofely 
after calculation tho measurements of tho perpcndicuinr-side, tho 
othor side and the hypotenuso. 

<J2J, Having noted down, 0 friend, 2 and 3 as the Injas in rela- 
tion to a figuro to bo optionally derived, givo out quickly, after 
calculating, the measurements of the perpendicular-side, tho othor 
side and tho hypotenuse. 

Again another rulo for constructing a longish quadrilateral 
figure with the aid of numbers denoted by .the name of bijas :~ 
93f The product of the sum and tho difforenco of tho bijas 
forms the measure of the pcrpondioular-sido. 1 he sankr amana o f 

00*. Janya literally means ‘‘arising from” or “apt to bo derived " j hem* 
it refors here to trilateral and quadrilateral figures that may be derived out of 
oertain given data. The operation knowu as janya relate* to the finding out of 
tho length of the sides of trilateral and quadrilateral figure* to be so derived. 

Bija, at given here, generally happens to be a positive integer. Two such 
are invariably given for the derivation of trilateral and quadrilateral figures 

dependent on them. , „ , .... 

The rationale of the rule will bo clear from tho following algebraic*. 


the Uja number., then e* - b‘ i« the meMure of the perpemll- 
culer, 2 ab that of the other .idc, .nd «* + b« that of the hypotenoM, of u 
'oblong From this it is evident that tho bijae are numbers with the aid of the 
product and the squares whereof, m forming the measure, of the sides, a rigty 
anglcH triangle may be constructed. ^ 
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the squares of that (sum and the difference of the bljas) gives rise 
(respectively) to the measures of the (other) side and of the 
hypotenuse. This also is a process in the operation of (construct- 
ing a geometrical) figure to be derived (from given bljas). 

An example in illustration thereof. 

94}. 0 friend, who know the seoret of calculation, donstruct a 
derived figure with the aid of 3 and 5 as bljas , and then think 
out and mention quickly the numbers measuring the perpendi- 
cular-side, the other side and the hypotenuse (thereof). 

The rule for arriving at the blja numbers relating to a given 
figure capable of being derived (from bljas). 

95}. The operation of sahkramana between (an optionally chosen 
exact) divisor of the measure of the perpendicular-side and the 
resulting quotient gives rise to the (required) bljas. (An optionally 
ohosen exact) divisor of half the measure of the (other) side and 
the resulting quotient (also) form the bljas (required). Those 
{bljas) are, (respectively), the square roots of half the sum and of 
half the difference of the measure of the hypotenuse and the 
square of a (suitably) ohosen optional number. 

An example in illustration thereof. 

96£. In relation to a certain geometrical figure, the perpendi- 
cular is 16 : what are the bljas ? Or the other side is 30 : what are 
the b^jas P The hypotenuse is 34 : what are they (the bljas) f 

The rule for arriving at the numerical measures of the other 
side and of the hypotenuse, when the numerical measure of the 
perpendioular-side is known ; for arriving at the numerical 
measures of the perpendioular-side and of the hypotenuse, when 
the numerical measure of the other side is known ; and for arriving 


In the rule given here, « s -fe 1 , $ ab, and «*+ 6* are represented as 
(a + 6) 1 - (a - 6) \ , (a + 6) » + (a - b) ». 

(a ♦ »)(«- 6). — — 

95}, The processes mentioned in this rale may be seen to be converse to the 
operations mentioned in stansa 90}. 
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at the nUmerioa> measure of the perpendioular-hide and of the other 
aide, when the numerical measure of the hypotenuse is known : — 

97J. The operation of sahkramana , oouduoted between (an 
optionally ohosen exaot) divisor of the square of the measure of 
the perpendioular-side and the resulting quotient, gives rise to the 
measures of the hypotenuse and of the other side (respectively). 
Similarly (the same operation of sankramana ) in rolation to the 
square of th*e measure of the other side (gives rise to the measures 
of the perpendicular- side and of the hypotenuse). Or, tho square 
root of the difference between the squares of the hypotonuso and of 
a (suitably ohosen) optional number forms, along with that ohosen 
number, the perpendicular-side and the other side respectively. 

An example in illustration thereof. 

98 J. In tho case of a certain (geometrical) figure, the porpondi- 
oular-side is 1 1 in measure ; in the case of anothor figure, tho (othor) 
side is 60 ; and in the ease of (still) anothor figure the hypotonuso 
is 61. Tell me in these oases tho measures of the unmeutionod 
elements. 

The rule regarding the manner of arriving at a quadrilateral 
figure having two equal sides (with tho aid of tho given bijas] 

99^. Tbeporpendicular-sideof tho primary figure derived (with 
the aid of the given bijas), on being added to tho perpendioular- 
side (in another figure) derived with the aid of tho (two option- 
ally chosen) factors of half tho base of (this original) derived 


97$. This rule defends on tho following identities 

j | ( f V (a - 6)* j -f* 2 = a* + h* oi^2ab as tho case may bo 

- db 26* j 4-2 = 0 ' + b* or a* - 6*. 




(2 ab)* 
2b‘ 


III. l/(a' + ¥•)* - (2 aby = o' - b 3 . 

99$. Tho problem solvod in tho ralo Btatcd in I Kin stansi in to construct with 
tho aid of two given bijas a quadrilateral having two oqaal sides. Tho length* 
of the (idea, of the diagonal*, of the perpendicular from tho end-point* of the top- 
side to the base, and of tho segment* thereof caused by the perpendicular are all 
derived from two rectangle* constructed with the aid of the given bijas. The 
first of the*A rectangle* is formed according to the rule given iu stanza 90$ 
above. The second rectangle is formed socording to the same rule from two 
optionally ohosen factors of half tho length of tho base of the first reotangl#,* 
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figtwe (taken as the Rfas), gives rise to the measure of the base of 
the (required) quadrilateral with two equal sides. Thp difference 
(between the measures of these two perpendioulars) gives the 
top-measure (of the quadrilateral). The smaller of the diagonals 
(relating to the two derived figures already mentioned) gives the 
measure of (either of the two equal) sides. The smaller of the 
(two) perpendioular-sidos (in relation to the two derived figures 
under reference) gives the measure of the (smaller) segment (of the 
base formed by the perpendicular dropped thereunto from either 
of the end-points of the topside). The larger of the (two) 
diagonals (in relation to the two derived figures of referenoe) giveB 
tho measure of the (required) diagonal. The area of the larger (of 
two derived figures of referenoe) is the area of the (required) 


taken as bijas. Hence the first rectangle is called the primary figure in tho 
translation to distinguish it from the second rectangle. 

The rationale of the rule will be clear from the following diagrams illnBtrating 
the problem given for solution in stanza 100$. Here 5 and 0 are the bijas given ; 
and the first reotangle or the primary figure derived from the bfy'as is ABCD : — 


Half the length of the base in this figure 
is 30 ; and two factors of this, namely, 3 
and 10 may be chosen. The rectangle 
constructed with the aid of these numbers 
as bijas is EFGH : — 



D 

C 


E 


To construct the requirod quadriluteral 
with two equal aides, one of the two 
triangles into whioh the first reotangle is 
divided by its diagonal is applied to the y^ 
seoond reotangle on one side, and a portion 
equal to the same triangle is removed from 
the same seoond reotangle on tho other 
side, as shown in the figure H A'FC', 


V 



60 
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figure ; and the# measure of the base (of either of the derived 
figures of referenoe) happens to be the measure of the perpendi- 
cular (dropped to the base from oither of the oud-points of the 
topside in the required figure). 

An example in illustration thereof. 

100J. In relation to a quadrilateral with two oqual aides 
constructed* with the aid of 5 and (3 as btjas give out the 
measures of the top side, of the baso, of (either of tho two equal) 
sides, of the perpendicular (from, tho top to tho base), of tho 
diagonal), of tho (lessor) segment (of the baso), and of tho area. 

The rule for arriving at tho measures of tho top-side, of the 
base, of (any one of) the (oqual) sides, of tho perpendicular (from 
the top to the base), of tho diagonal, of tho (lesser) segment (of 
the baso) and of tho area, in rolation to a quadrilateral having throe 
equal sides (with the aid of given bijas) 


Tho prooeas will bo clear from a comparison of tho diagrum«: 


II 



Baso A'F = perpendicuW-sido of the first rectangle plus perpendicular, 
sido of the second rectangle, »•«., AB + KF. 

Top side HC =sporp©nd»cnlar-sido of tho second rectangle minus per- 
pendicular-side of the first rectangle, i.e, GH — CD. 

Diagonal HF = diagonal of tno second rectangle. 

S mal ler segment of the base, i.s , A’E = ['orpondicular-side of the first 
rectangle, ».<*., AB. 

Perpendicular HE = baso of the first or of the second rectangle, *>., BC 
or FG. 

Each of the lateral equal sides A'U and FC' = diagonal of the first rec- 
tangle, ».e., AC. # 
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1 01 J. The difference between the (given) bifas is multiplied 
by the square root of the base (of the quadrilateral immediately 
derived with the aid of those bijm). The area of (this immedi- 
ately) derived (primary) quadrilateral is divided (by the product 
so obtained). Then, with the aid of the resulting quotient and 
the divisor (in the operation utilized as bij&8, a second derived qua- 
drilateral of reference is constructed. A third quadrilateral of 


101$. If a and b represent tho given bxjaa, the measures of the sides of the 
immediately derived quadrilateral are 

Pcrpondiculur-side = a 2 — b 3 
Base — 2a b 
Diagonal = a 2 + b 2 
Area = 2ab x (a 2 — b 3 ) 

As in tho oaso of tho construction of the quadrilateral with two equal sides 
( vide stanza 99$ ante), this rule proceeds to construct the roquirod quadrilateral 
with three equal sides with tho aid of two derived rootangles. Tho bijaa in 
relation to the first of these rectangles are : — 

2ab x (a 2 - b 3 ): . 

VtobTta -~b) VUb X ( “ + “ ,d V2al X ( ° “ 6) ' 

Applying the rule given in stanza 90$ above, we have for the first rec- 
tangle : 

Porpendicular-side = (a + b) 8 x 2 ab - (a - b) 2 x 2 ab or 8 a 2 b 2 . 

Base = 2 x Y2ab x ( a + b) x 4/2^5 x (a - b) or 4a b (a 2 - b s ). 

Diagonal (a + b) 3 x 2 ab + (a - b) 2 x 2 ab or 4ab (a 2 + b *). 

The tijas in tho case of the seoond rootanglo are : a 2 — b 3 and 2ab. 

The various elements of this rectangle are : 

Perpendicular-side = 4a 2 b 3 — (a 2 - 6 s ) 2 . ; 

Base = 4ab (a 3 - 6 a ) ; 

Diagonal = 4a 3 b 2 + (a 2 — b 3 ) 3 or ( a 2 + b 3 ) 

With tho holpof theso two rectangles, tho moasuros of the sides, diagonals, 
eto., of the roquirod qnadrilateral are ascertained as in tho rule given in stanza 
99$ above. They aro : 

Base = sum of tho perpendicular- Bides = Sa'b* +4•a , 6 , -(a , -6 , )^ 

Top-side ” greater perpendioular-side minu* smaller perpendioular-side 

= 9a 8 b* - j^aV-^-b 8 ) 1 ] = (a 8 + b 8 ) 8 . 

Either of the lateral sides = smaller dingonal=(a* + 

Lessor segment of tho base = smaller perpondicular-sido = 4a 8 b“ - (a* 
-b*)V 

Perpondionlar = base of either rectangle = 4ob (a 8 — b 8 ). 

Diagonal = tho grentorof the two diagonals = 4ab (a* + b 8 ). 

Area = area of the larger rootanglo = 8a , b* x 4ab (a* - b 8 ). 

It may be noted here that the measure "f either of the two lateral sides is equal 
to the measure of the top-side. Thus is obtained the required quadrilateral with 
three equal sides. 
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roferenoe is further constructed) with the aid of the measurements 
of the base and the perpend icular-sido (of tho immediately derived 
qoadrilateral, above referred to, used as bijas. Then, with tho aid 
of these two last derived secondary quadrilaterals, all the required) 
quantities appertaining to the quadrilateral witli three equal sides 
are (to he obtained) as in the case of the quadrilateral with two 
equal sides. 

An example in illustration thereof . 

102-J. In relation to a quadrilateral with throo equal sidos and 
having 2 and 3 as its btjas, give out tho measures of the top-side, 
of the base, of (any one of) tho (equal) sides, of the perpendicular 
(from the top to the base), of tho diagonal, of tho (lesser) segment 
(of the base) and of the area. 

The rule for arriving at the measures of the top-side? of the 
base, of the (lateral) sides, of the perpendiculars (from tho ends of 
the top-side to tho base), of the diagonals, of the segments (of tho 
base) and of tho area, in relation to a quadrilateral tho sides of 
which are (all) unequal : — 

103^. With tho longer and tho shorter diagonals (of tho two 
derived rectangular quadrilateral figures related to the two sets 


103|. The rale will bo clear from tho following algebraical representation. 
Let a, 6, and c, d, be two sets of given bfya». Then tho vaiioua required 
elements are as follow : — 

Lateral sides = 2ab ( c‘ + i , )(a* + 6*) and (a‘-b*)(c* +d*)(a* + b*}. 

Base «s 2cd(a* b f X®* + 6*). » 

Top-side = (c* — + b*)(a* + 6*). 

Diagonals = £(a*-b*)x 2cd + (c* -d*)2al) j x (a* + b*) ; and 
£(a , -b*)(c , -<J # ) + 4abc<f} x(a» + b») 

Perpendiculars = £(a* -6 1 ) x + (c* -d') 2ab j * 2af; ; and 

b)(c , -i , ) + 4«bcdj x (a* - b*) 

Segments 23 

£ (a*-b») x 2cd + (c* — d*)x 2ab ] (a -b') } and [(a‘-b # ) («•-«*) 

♦ iabed | x 2ab. 
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of given bifas), the base and the perpendioular-side (of the smailei 
and the larger derived figures of reference) are respectively multi- 
plied. The products (so obtained) are (separately) multiplied 
(again) by the shorter diagonal. The resulting products give the 
measures of the two (unequal) sides, of the base and of the top-side 
(in relation to the required quadrilateral) . The perpendicular- sides 
(of the derived figures of reference) are multiplied by each other’s 
bases; and the two products (so obtained) are added together. 
Then to the product of the (two) perpendicular-sides (relating to the 
two figures of reference), the product of the bases (of those same 
figures of reference) is added. The (two) sums (so obtained), when 
multiplied by the shorter of the (two) diagonals (of the two figures 
of reference), givo rise to the measures of the (required) diagonals. 
(Those same) sums, when multiplied by the base and the perpendi- 
oular-side (respectively) of the smaller figure (of refoienoe), give rise 
to the measures of tho perpendiculars (dropped from the ends of the 
diagonals) ; and when multiplied (respectively) by the porpendi- 
oular-side and the base (of the same figure of reference), give rise to 
the measures of the segments of the baso (caused by the perpendi- 
culars). The measures of these segments, when subtracted from 
tho measure of the base, give tho values of the (other) segments 
(thereof). Half of the product of the diagonals (of the required 
figuro arrived at as above) gives the measure of the area (of the 
required figure). 


An example in illustration thereof. 

104$. After forming two derived figures (of reference) with 
1 and 2, and 2 and 3 as the requisite Injas give out, in relation 
to a quadrilateral figure the sides whereof are all unequal, the 
values of the top-side, of tho base, of the (lateral) sides, of the 
perpendiculars, of the diagonals, of the segments (of the base), 
and of the area. 

Again another rule for arriving at (the measures of the sides, 
eto., in relation to) a quadrilateral, the sides of which are all 

nnfimiftl : — * 
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105J — 107-J.* The square of the diagonal of the smaller (of the 
two derived oblongs of reference), as multiplied (separately) by 
the base and also by the perpendioular-side of the larger (oblong 
of reference), gives rise to the measures (respectively) of the base 
and of the top-side (of the required quadrilateral having unequal 
sides). The base and the perpendicular-side of the smaller 
(oblong of reference, each) multiplied successively by the two dia- 
gonals (one of each of the oblongs of referenco), give rise to the 
measures (respectively) of the two (lateral) sides (of the required 
quadrilateral). The difference between the base and the perpen- 
dicular-side of the larger (oblong of reference) is in two positions 
(separately) multiplied by the base and by tho pcrpendicular-sidc 
of the smaller (oblong of reference). Tho two (resulting) products 
(of this operation) are added (separately) to the product obtained 
by multiplying tho sum of tho base and tho porpondioular-side of 
the smaller (oblong of reference) with tho perpcndiculjjr-sido of 
the larger (oblong of referonoo). Tho two sums (so obtained), 
when multiplied by the diagonal of the smaller (oblong of refer- 
ence), give rise to the values of the two diagonals (of tho roquirod 
quadrilateral). The diagonals (of tho requirod quadrilateral) are 
(separately) divided by tho diagonal of the smaller (oblong of 


1064— 107$. The same values as are mentionod in the footnote to stanza 
1034 above are given bore for tho measures of tho aides, etc. ; only they are 
stated in a slightly different way. Adopting tho sumo symbols as in the note to 
stanza 1034, we have: — 

Diagonals— £ £ 2cd— (c* - d*) j 2nb+ ^2afc+(a* — A*) j x(a* + b*); 

»nd£ [ 2cd- (c 1 - d») J (a* - 6*) + f 2ab + (a* - b *) ] (c* -V)J x (a* + 6»). 
Perpendiculars = 

I" ^Eed-teVd 1 ) j x2ab + £ 2ab J (c* - d*) J( a * + 6*) 

L (a9 “ 68) ’ 

£ { 2cd-(c* - d*) } (a* - b 1 + ) £ 2a 6 + (a 1 - b *, ) (c* - d) J a “ + b *). 


A nd' 


- x 2 ah. 


(a‘ + b*) 

The above four exprewions can bo reduced to the form in which the measures 
of tho diagonals and the perpendiculars are given in stanza No. IO 84 . The 
measures of the segments of the base are hero derived by extracting the 
square root of the difference between tho squares of the side and of the perpend^ 
oular corresponding to the segment. 


98 
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reference). The quotients (so obtained) are multiplied respectively 
by the perpendioular-side and the base of the smaller (oblong of 
reference). The (resulting) produots give rise to the measures 
of the perpendiculars (in relation to the required quadrilateral). 
To these (two perpendiculars), the above values of the two sides 
(other than the base and the top-side) are (separately) added, (the 
larger side being added to the larger perpendicular and the Smaller 
side to the smaller perpendioular). The differences between these 
perpendiculars and sides are also obtained (in the same order). 
The sums (above noted) are multiplied (respectively) by (these) 
differences. The square roots (of the products so obtained) give 
rise to the values of the segments (of the base in relation to the 
required quadrilateral). Half of the produofc of the diagonals 
(of the required quadrilateral) gives the value of (its) area. 

The rule for arriving at an isosceles triangle with the aid of a 
single derived oblong (of referenoe). 

108 ^. The two diagonals (of the oblong of referenoe con- 
structed with the aid of the given bijas) become the two (equal) 
sideB of the (required") isosoeles triangle. The base (of the oblong 
of referenoe), multiplied by two , becomos the base (of the required 
triangle). The perpendicular-side (of the oblong of reference) is 
the perpendioular (of the required triangle from the apex to the 
base thereof). The area (of the required triangle) is the area (of 
the oblong of referenoe). 

108 $, The rationale of the rule may be made out thus:— Let ABCD be an 
oblong and let AD be produoed to E so that .^D = DE. Join EC. It will be 
leenthat ACE is an isoscales triangle whose equal sides are equal to the diagonals 
of the oblong and whose area is equal to that of the oblong. 

C 
B 
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* An example m illustration thereof \ 

109$. 0 mathematician, oaloulate and tell me quickly the 
measures of the two (equal) sides, of the base and of the per- 
pendicular in relation to an isosoeles triangle derived with the aid 
of 3 and 5 as by as. 

The rule regarding the manner of constructing a trilateral 
figure # of unequaf sides : — 

110$. Half of the base of the (oblong of reference) derived 
(with the aid of the given bljas) is divided by an optionally 
chosen factor. With the aid of the divisor and the quotiont (in 
this operation as bljas ), another (oblong of reference) is derived. 
The sum of the perpendicular-sides belonging to these two (oblongs 
of reference) gives the measure of the base of the (required) 
trilateral figure having unequal sides. The two diagonals (related 
to tho two oblongs of reference ) give the two sides (of the required 
triangle). The base (of either of the two oblongs of teferonoo) 
gives the measure of the perpendicular (in the case of the required 
triangle). 

An example in illustration thereof. 

111$. After constructing a second (derived oblong of reference) 
with the aid of half the base of the (original) figuro (i.e. oblong of 
reference) derived with* tho aid of 2 and 3 as bljas , you tell (me) 
by means of this (operation) the values of the sides, of the base 
and of the perpendicular in a trilateral figure of. unequal sides. 

Thus ends the subject of treatment known n« the Janya 
operation. 


110f The rule will bo clear from tho following construction Let 


and EFGH be the two 
derived oblongs, snob that 
the base AD = the base 
EH. Produce BA to K so 
thatAK=EP. It can be 
easily shown that UK = 
EG and that the triangle 
BDK has its base BK = 
BA + EP, called the 
perpendiculars of the 



ABOD 

G 


Li I 


oblongs, and hae its sides equal to the diagonals of the same oblongs. 
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Subject of treatment known as Paisaoika or 
devilishly difficult problems. 

Hereafter we shall expound the subject of treatment known 
as PaUdctka. 

The rule for arriving, in relation to the equilateral quadri- 
lateral or longish quadrilateral figures, at the numerical pleasure 
of the base and the perpondioular-side, when, out of the perpen- 
dicular sido, i he base, the diagonal, the area and the perimeter, any 
two are optionally taken to be equal, or when the area of the figure 
happens to be the product obtained by multiplying respectively 
by optionally choson multipliers any two desired quantities (out 
of the elements mentioned above) : that is — (the rule for arriving 
at the numerical values of the base and the perpendicular-side in 
relation to an equilateral quadrilateral or a longish quadrilateral 
figure,) when the area of the figure is (numerically) equal to the 
measure of the perimeter (thereof) ; or, when the area of the figure 
is numerically equal to the measure of the base (thereof) ; or, when 
the area of the figure is numerically equal to the mcasuro of the 
diagonal (thereof) ; or, when the area of the figure is numerically 
equal to half the measum of the perimeter ; or, when the area of 
the figure is numerically equal to one-third of the base ; or, when 
the area of the figure is numerically equal to one-fourth of the 
measure of the diagonal ; or, when the area of the figure is 
numerically equal to that doubled quantity which is obtained by 
doubling the quantity whioh is the result of adding together twioe 
the diagonal, three times the base, four times the perpendioular- 
side and the perimeter and so on : — 

1 12J. The measure of the base (of an optionally chosen figure 
of the required type), on being divided by the (resulting) optional 
faotor in relation thereto, (by multiplying with whioh the area 

112$. The rule will be clear from the following working of the first example 
given in stansa 118k :~-Here tho problem is to find out the measure of the 
side of an equilateral quadrilateral, the numerioal value of the area where* 
of ia equal to the numerioal value of the perimeter. Taking an equilateral 
quadrilateral of any dimenaion, say, with 5 as the measure of its side, we 
have the perimeter equal to 20, and the area qgull to 25. The factor with which 
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of the said optionally ohosen figure happons to be arrived at) ; 
or the base (of such an optionally ohosen figuie of the requisite 
type), on being multiplied by the factor with which the area (of 
the said figure) has to be multiplied (to give the required kind of 
result) ; gives rise to the measures of the bases of the (required) 
equilateral quadrilateral and other kinds of dorivod figures. 

• , • 

Examples in illustration thereof. 

113^, In the case of an equila teral quadrilateral figure, the 
(numerical measure of the) perimeter is equal to (that of) the area. 
What then is the numerical measure of (its) base ? In the case 
of another similar figure), the numerical measure of the) area 
is equal to (that of) the base. Toll me in relation to that (figure) 
also (the numerical measure of the base). 

114J. In the case of an equilateral quadrilateral figure, the 
(numerical) measure of the diagonal is equal to (that of) the area. 
What may be the measuro of (its) base P And in the oase of 
another (similar) figure, the (numerical) measure of the perimeter 
is twice that of the area. Tell me (what may be the measure of 
its base). 

11 5 J. Here in the oase of a longish quadrilateral figure, 
the (numerioal) measuro of the area is equal to that of the 
perimeter; and in the case of another (similar) [figure, the 
(numerioal) measure of the area is equal to that of the diagonal. 
What is the measure of the base (in each of those cases) P 

1 16J. In the oase of a oertain equilateral quadrilateral figure, 
the (numerioal) measure of the base is three times that of the area. 
(In the case of) another equilateral quadrilateral figure, the 
(numerical) measure of the diagonal is four times that of the area. 
What is the measure of tho base (in each of those cases) P 

the measure of the perimeter, vis. 20, has to be multiplied in order to make it 
equal to the measure of the area, vis., 25, is f. If 5, the measuro of aside of the 
optionally chosen quadrilateral is divided by this factor f, the measure of tho 
side of the required quadrilateral is arrived at. 

The rule gives also in another manner what is praoticsUy the same process thus \ 
The factor with which the measure of the area, vis. 26 has to be multiplied in 
order to make it equal to the measure of the perimeter, via 20, is f. If 6, the 
measure of a side of the optionally chosen figure is multiplied by this faotor f, tho * 
measure of the side of the required figure is arrived at. 
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117-J. In the case of a longish quadrilateral figure, (the numeri- 
cal measures of) twice the diagonal, three times the base and four 
times the perpendioular-side being taken, the measure of the 
perimeter is added to them. Twice (this sum) is the (numerical) 
measure of the area. (Find out the measure of the base.) 

1181. In the case of a longish quadrilateral figure, the 
(numerical) measure of the perimeter is 1. Tell me quiokly, after 
calculating, what the measure of its perpendicular side is, and 
what that of the base. 

119J. In the case of a longish quadrilateral figure, the (nume- 
rical measures of twice the diagonal, three times the base, and four 
times the perpendioular, on being added to the (numerical) measure 
of the perimet^ become equal to 1. (Find out the measure of 
the base.) 

Another rule regarding the process of arriving at the number 
representing the bijas in relation to the derived longish quadri- 
lateral figure 

120J. The operation to arrive at the generating (bt/as) in re- 
lation to a longish quadrilateral figure consists in getting at the 
square roots of the two quantities represented by (1) half of the 
diagonal as diminished by the perpendicular-side and [2) the 
difference between this quantity and the diagonal. 

An example in illustration thereof. 

121 In the case of a longish quadrilateral figure, the per- 
pendicular-side is 55, the base is 48, and then the diagonal is 73. 
What are the bijou here P 


120b The rule in stan*a95l of this chapter relates to the method of arriv- 
ing at the bljas from the base or the perpendicular cr the diagonal of a longish 
quadrilateral* But the role in this stansa gives a method for finding out the 
btyu from the perpendioular and the diagonal of a longish quadrilateral. The 
prooeM described is based on the following identities :~ 

J*' = hi ** i 6* ~ (a*— b*> 

'V 2 2 ’ 

c where «*+ 1* is the measure of the diagonal, and a*-b* is the- measure of the 
perpendicular-side of a longish quadrilateral, « and b being the required Wjos. 
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The rule for arriving at the (longish quadrilateral) figure 
associated with a diagonal having a numerioal value optionally 
determined : — 

122|. Eaoh of the various figures that are derived with the 
aid of the given (bijas) is written down ; and by mcaus (of the 
measure) of its diagonal the (measure of the) givon diagonal is 
divided.* The perpendioular-side, tho base, and tho diagonal (of 
this figure) as multiplied by the quotient (here) obtained, give rise 
to the perpendicular-side, the base and the diagonal (of tho required 
figure). 

An example in illustration thereof . 

123|-124$.0 mathematician, quickly bringout with tho aid of 
the given ( bijas ) the (value of the) perpendicular-sidcs and tho bases 
of the four longish quadrilateral figures that have respectively 1 
and 2, 2 and 3, 4 and 7, and 1 and 8, for their bijas, and are also 
characterised by different bases. And, (in tho problem) hero, the 
diagonal is (in value) <55. Give out (the measures of) what may 
be the (required) geometrical figures (in that capo). 

The rule for arriving at the numerical values of the base and 
the perpendicular side of that derived longish quadrilateral figure, 
the numerioal measures of tho perimeter as also of the diagonal 
whereof are known : — 

125J. Multiply the square of the diagonal by two; (from the 
resulting product), subtract the square of half the perimeter ; 
(then) get at the square root (of tho resulting difference). If (this 
square root be thereafter) utilized in the performance of the 

_ ^ * 

122$. The rule if based on the principle that the Hide* of a right snglod 
triangle vary aa the hypotenuse, although for tho same measure of the hypo- 
tenuse there tnay be different sets of values for the sides. 

125$. If a and & represent the Bides of a rectangle, then *jaJ -f b* is tho 
measure of the diagonal, and 2a + 26 is the measure of the perimeter. It can be 
seen easily that 

+ V2 ( V'-’ + f) - , + 2 = •> “ d 

{ -nr*- - V * (v^>) ~ \-T l ) } + a = *• 

These two formulas represent algebraically the method described i» the rule here. 
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operation of satikramana along with half the perimeter, the 
(required) base and also the perpendicular-side are arrived at. 

An example in illustration thereof. 

126f The perimeter in this oase is 34 ; and the diagonal is 
seen to be 13. Give out, after calculating, the measures of the 
perpendicular-side and the base in relation to this derived figure. 

The mle for arriving at the numerical values of the base 
and the perpendioular-side when the area of the figure and the value 
of the diagonal are known 

127 £ . Twice the measure of the area is subtracted from the 
square of the diagonal. It is also added to the square of the 
diagonal. The square roots (of the difference and of the sum so 
obtained) give rise to the measures ofthe (required) perpendicular- 
side and the base, if the larger (of the square roots) is made to 
undergo the proocss of sahbramana in relation to the smaller 
(square root). 

An example in illustration thereof. 

128J. In the case of alongish quadrilateral figure, the measure 
of the area is 60, and the measure of its diagonal is 13. I wish 
to hear (from you) the measures of the perpendioular-side and the 
base. 

The rulo for arriving at the numerical values of the base and 
the perpendicular-side in relation to a longish quadrilateral 
figure, when the numerical value of the area of the figure and the 
numerical value of the perimeter (thereof) are known 
. 129J. From the quantity representing the square of half the 
perimeter, the measure of the area as multiplied by four is to he 


127£. Adopting the same symbols a* in the note to stansa 125£, we have the 
following formula to represent the rale here giveu 

( bj (v'“‘ + 6 ‘ j + 2 ab ± \/(V a + b, y~M J + » = *orb, 

as the oaae may be. 1 

12&£. Here we have 


f 2a + 26 . . / / 2a + 2b \ ! . ] 

j 8 . iV ( 2 ) — 4 «b * +-2=o or b, as the oaae may be. 
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subtracted. Thbn, on carrying out the process of saftkranwna 
with the square root (of this resulting difference) in relation to 
half the measure of the perimeter, the values of the (required) 
base and the perpendioular-side are indeed obtainod. 

An example in illustration ihet'eof. 

13<J1 Id a derived longish quadrilateral figure, the measuro 
of the perimeter is 170 ; the measure of the given area is 1,500. 
Tell me the values of the perpendioular-sido and the base (thereof). 

The rule for arriving at the respective pairs of (required) 
longish quadrilateral figures, (1) when tho numerical measures of 
the perimeter are equal, and the area of the first figure is double 
that of the second ; or, (2) when the ureas of both the figures aro 
equal, and the numerical measure of tho perimeter of the second 
figure is twice the numerical measuro of that of tho first figure; 
or, (3) (again) when, in relation to the two required figures, tho 
numerical measure of the perimeter of the socond figure is twice 
tho numerical measure of tho perimetor of tho first figure, and tho 
area of the first figure is twice the area of tho socond figuro : — 

131J — 133. (Tho larger numbers in tho given ratios of) the 
perimeters as also (of) the aroas (relating to tho two requirod 
longish quadrilateral figures,) aro divided by tho smaller (numbers) 
corresponding to them. (The resulting quotients) are multiplied 
(between themselves) and (then) squarod. (This same quantity,) 


181$ to 133. If ft and y represent tho two adjacent sides of tho flrst 
rectangle, and a and 6 the two adjacent sides of the second rectangle, the 
conditions mentioned in the three hinds of problems proposed to bo solved by 
this rule may be represented thus 

(1) «+y =s a + 6: 

xy = 2 ab, 

(2) 2(* + y) = a + 6 : 

xy ab. 

(8) 2 (ft + y) = a + b : 
xy = 2ab. 

.The eolation given in the role seems to be correct only for the particular 
onset given in the problems in stansas 184 to 136. « 

29 
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on being multiplied by the given optional multiplier, give® riaeto 
the value of the perpendioular-side. And in the oase in which 
the area* (of the two required figures) are (held to be) equal, 
(this measure of) the perpendicular-side as diminished by one 
becomes the measure of the base. But, in the other case (wherein 
the areas of the required figures are not held to be equal), the 
larger (ratio number) relating to the areas is multiplied by the 
given optional multiplier, and (the resulting product is) diminished 
by one. The measure of the perpendioular-side (arrived at as 
above) is diminished by the quantity (thus resulting) and is (then) 
multiplied by three : thus the measure of the base (is arrived at). 
Then, in respect of arriving at the other (of the two required 
quadrilateral figures), its base and perpendioular are to be brought 
out with the aid of the (now knowable) measure of its area and 
perimeter in acoordanoe with the rule already given (in stanza 129-J-). 

Examples in illustration thereof. 

134. Thore are two (quadrilateral) figures, each of which is 
characterised by unequul length and breadth ; and the given 
multiplier iB 2. The measure of the area of the first (figure) is 
twioe (that of the second), and the two perimeters are equal. 
What are the perpendioular-sides and the bases here (in this 
problem) P 

135. There are two longish quadrilateral figures; and the 
(given) multiplier is also 2. (Their) areas are equal, (but) the 
perimeter of the seoond (figure) is twice that of the first. (Find 
out their perpendioular-sides and bases.) 

130, There are two longish quadrilateral figures. The area of 
the first (figure) here is twice (that of the seoond figure). The 
perimeter of the seoond (figure) is twioe (that of the first). Give 
out the values of their bases and their perpendioular-sides. 

The rule for arriving at a pair of isosceles triangles, so that 
the two isosoeles triangles are characterised either by the values of 
their perimeters and of their areas being equal to each other, or 
by the values of their perimeters and of their areas forming 
multiples of each other ; — 
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137. The squares (of the ratio-values) of the perimeters (of 
the required isosoeles triangles) are multiplied by (the ratio-values 
of) the areas (of those triangles) in alternation. (Of the two 
products so obtained), (the larger one is) divided by the smaller ; 
and (the resulting quotient) is multiplied bj six and (is also 
separately multiplied) by two. The smaller (of the two produote 
so obtained} is diminished by one. The larger produot and the 
diminished smaller produot ooustitute tho two bijas (in relation 
to the longish quardrilateral figure) from which one (of tho re- 
quired triangles) is to be obtained. Tho d iff eronoe between those 
(two bijas above noted) and twieo the smaller one (of those bijas) 
constitute tho bijas (in relation to tho longish quadrilateral figure) 
from which tho other (required triangle) is to be ohtaiuod. (From 
the two longish quadrilateral figures formed with tho aid of their 
respective bijas), tho sides and the other things (relating to the 
required triangles) are to bo arrived at as (explained) before. 

1S7 When o : b ie the ratio of tho perimeter! of tho two iHosoelo! triangles, and 

101 ’ - <J b 2 c 26 1 *' c | 

c ; i the ratio of thoir areas, then, according to tho rule, and — , 


, 4 »* c . , , 46 1 c __ j „ re the two set! of bijai, with the holp of whioh 

and —4 + 1 ana 

v a , f various required elements of tho two iaoHoolei triangle, may be 
th0 ' ,a d at The measure! of tho side. ..id tho altitode., calculated from those 
arrived a . 10(j i in this cliaptor, when multiplied respectively by a 

MjM moot % occurrinls i n the ratio of i ho perimeters), (five th. requirod 

oUhTsides and tho altitude, of tho two isosceles triangles. They are 
M follow j— . -» 

0 b*e / 2 b* 0 
a x 2 x 2 x _ , j 


Baae « 
Altitude 


(” i - ') 
{(%•)'-(«-')} 


11 Equal side = b * [ + 1 ) + ( «>d 2 ) ) 

Altitude -b * | +1 ) " ( a’ d " 2 ) } 

. , j. from tb©»© ralaee that the ratio of the perime- 
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Ewamples in illustration thereof \ 

138. There arc two isosceles triangles. Their area is the same. 
The perimeters are (also) equal in value. What are the values of 
their sides, and what of their bases P 

139. There are two isosceles triangles. The area of the first 
one is twice (that of the second). The perimeter of both (pf them) 
is the same. What are the values of (their) sides, and what of 
(their) bases P 

140. There are two isosceles triangles. The perimeter of the 
seoond (triangle) is twice (that of the first). The areas of the two 
(triangles) are equal. What are the values of (their) sides, and 
what of (their) bases P 

141. There are two isosceles triangles. The area of the first 
(triangle) is twice (that of the second) ; and the perimeter of the 
second (triangle) is twice (that of the first). What are the values 
of (their) sides, and what of (their) bases P 

The rule for arriving at an equilateral quadrilateral figure, or 
for arriving at a regular circular figure, or for arriving at an equila- 
teral triangular figure, or for arriving at a longish quadrilateral 
figure, with the aid of the numerical value of the proportionate 
part of a given suitable thing (from among theso), when any 
optionally ohosen number from among the (natural) numbers, 
starting with one , two , &o., and going beyond calculation, is made 
to give the numerical measure of that proportionate part of that 
given suitable thing 

142. The (given measure of the) area (of the proportionate part) 
is divided by the (appropriately) similarised measure of the part 
held (in the hand). The quotient (so obtained), if multiplied by 
/our, gives rise to the measure of the breadth of the oirole and 

142. In problem* of the kind given under this rule, a oirole, or a square, or 
an equilateral triangle, or an oblong is divided into a desired number of equal parts, 
eaoh part being bounded on one tide by a portion of the perimeter and bearing 
the same proportion to the total area of the figure as the portion of the perimeter 
bears to the perimeter as a whole. It will be seen that in the case of a 
oirole eaoh part is a sector, in the case of a square and an oblong it is a rectangle, 

' and in the oase of an equilateral triangle it is a triangle. The area of eaoh part 
and the length of the original perimeter cSntained in eaoh pert are both of given 
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(alto) of the square. (That same) quotient, if multiplied by m, 
gives rise to the required measure of tho base of the (equilateral) 
triangle as also of the lougish quadrilateral figure. Half (of 
this) is the measure of the perpendicular-side (in tho case of tho 
longish quadrilateral figure). 

m An example in illustration thereof \ 

143-145. A king caused to bo dropped an oxoellent carpet on 
the floor of (his) palace in the iqncr apartments of his zenana 
amidst the ladies of his harem. That (carpet) was (in shape) a 
regular circle. It was held (in hand) by those ladies. The fist- 
fuls of both their arms made each (of them) acquire 15 {daw las out 
of the total area of the carpet). How many ore the ladies, and 
what is the diameter (of the circle) here ? What are tho sides of 
the square (if that same carpet bo square in shape) \ and what the 


magnitude. The stanza states a rule for finding out tho measure of the diameter 
of the circle, or of the Bidet of the square, or the equilateral triangle or tho oblong. 
If m represents the arcsa of each parL ami n tho length of a part of the total 
perimeter, the formulas given in the rule are— 
m 

— x 4 = diameter of tho circle, or side of the square ; 
and — * H = side of tho equilateral triangle or of the oblong ; 


and half of ~ x 6 = tho longth of tho perpondieulur-Midii iti the case of the 

« 

oblong. 

The rationale will bo clear from tho following equations, where x re- 
presents the number of parts into which each figure is divided, a is the length of 
tho radius in the case of the circle, or the length of aside in tho case of tho 
other figures ; and b is the vertioal side of tho obloug : 

In the oaso of the Circle ^ • * 

x x n 2 w n f 

, _ , x x m __ a i 

In the caw of tho Square w — f a 5 

<r 

In the oase of the Equilateral Triangle — - K - m =. 2 

* * » Ha 


In the ceeo of the Oblong ; boro b is taken t o be equal 

n x x n 2 (a 6) > 

to half of a. 


It has to be noted that only the approximate value of the area of the equilatec^ 

triangle, as given in stanza 7 of this chapter, is adopted here. Otherwise thv 

formula given in the rule will not hold good. 

148-146. What is called JhtfvU in this problem is equivalent to four ahgidat 

is measure. ^ 4 

✓ • 
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sides of the equilateral trianglo (if it be equilaterally triangular 
in shape) P Tell (me), 0 friend, the measures of the perpendicular 
side and the base, in (case the carpet happens to be) a longish 
quadrilateral figure (in shape). 

The rule for arriving at an equilaterally quadrilateral figure or 
at a longish quadrilateral figure when the numerical yalu<r of the 
area of the figure is known 

146. The square root of the accurate measure of the (given) 
area gives rise to the value of the side of the (required) equilateral 
quadrilateral figure. On dividing the (given) area with an option- 
ally ohosen quantity (other than the square root of the value of 
the given area, this) optionally chosen quantity and the resulting 
quotient constitute the values of the perpendicular- side and tho 
base in relation to the (required) longish quadrilateral figure. 

An example in illustration thereof. 

147. What indeed is that equilateral quadrilateral figure, the 
area whereof is 61 P The accurate value of the area of the longish 
(quadrilateral) figure is 60. What, are the values of the parpen- 
dioular-side and the base here ? 

The rule for arriving at a quadrilateral figure with two equal 
sides having the given area of suoh a quadrilateral figuro with 
two equal sides, after getting at a derived longish quadrilatoral 
figure with the aid of tho given numerical bija* and also after 
utilizing a given number as the required multiplier, when the 
numerical value of the accurate measure of the area of tUe required 
quadrilateral figure with two equal sides is known : — 

148. Tho square of the given (multiplier; is multiplied by the 
that (given) area. The (resulting) produot is diminished by . 
the value of the area (of the longish quadrilateral figure) derived 
(from the given bljas ) . The remainder, when divided by the base 


148. The problom here ia to construct a quadrilateral figure of given are* and 
/ith two equal aides. For this purpose an optionally choeen number and a set of 
two are given. The process deeoribed in the rule will become clear by 
applying it to the problem given in the ngxtstanio. The bija# mentioned 
therein are 2 and 3 ; aud the given area is 7, the given optional number being t. 
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of this derived* longish quadrilafcoral figure), gives rise to the 
aeasure of the top-side. The value of the perpendicular-aide (of 
he derived longish quadrilateral figure), on being multiplied by 
m and increased by the value of the top-side (already arrived 
d), gives rise to the value of the base. The valuo of the base (of 
he derived longish quadrilateral figure) is (the same as that 


The first thing we have to do is to construct a rectangle with the aid of 
he given btjui in acoordanoo with 
he rule laid down in stanza 90$ in 
;his ohapter. That rectangle oomos 
o have 6 for the measure of its 
i mailer side, 13 for the measure of 
ts larger side, and 13 for the 
neasure of its diagonal j and its 
irea is CO in value. Now the area 

jiven in the problem is to bo multi- ^ 

plied by the square of the given . . M 

Optional nnrnbor in the problom, >i> that wo obtain 7x3-- 0.1. Ironrtlna , 

vq have to subtract 60, whioh is 

;he measure of the area of tho i 

rectangle constructed on the basis 
>f the given bJj'it : and this gives 3 

is the remainder. Then the thing « i 

. i it,., aroa whereof is equal to tins a, and 
io be done is to construct a rectangle, t»» * 



13 


i 


me of the sides is equal to the longer side 
)f the rectangle derived from tho same 
Since this longer side is equal to 12 
in value, the smaller sido of tho required 
reotangle has to be $ in valuo as shown 
iu the figure here. Then tho two triangles, 
into whioh the rectangle derived from tho 
btyw may be split up by its diagonal, 
are added one on eaoh sido to this last 
rectangle, so that the sides measuring 12 
in the case of these triangles coincide 
with the sides of the rectangle having 
12 as their measure. The figure here 
exhibits the operation. 

Thuain the end we get the quadrilateral 
figure haring two equal sides, each of 
whioh measures 1*, the value of the other 
two sidep being $ end 10$ resjiecUvely, 
from this the values of tho sides of 

the quadrilateral required in the problem may be obtained by dividing by the 
given optional number namely 8, the values of its sides represented by 13, $, 13^ 
and 10$. 


/ 

13 / 

\l3 

/ t 

\ 

/ 12 

12 \ 

/ 6 

1 ® \ 
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of) the perpendioular dropped (from the ends of the top-eide) ; 
and the diagonals (of the derived longish quadrilateral figure) are 
(equal in value to) the sides. These (elements of the quadrila- 
teral figure with two equal sides arrived at in this manner) have 
to be divided by the given multiplier (noted above to arrive at 
at the required quadrilateral figure with two equal sides). 

An example in illustration thereof. 

149. The accurate value of the (given) area is 7 ; the optional 
given multiplier is 3 ; and the bijas are seen to be 2 and 3. Give 
out the values of the two sides of a quadrilateral figure with two 
equal sides and of its top-side, base, and perpendioular. 

The rule for arriving at a quadrilateral figure with three 
equal sides, having an accurately measured given area, (with the 
aid of a given multiplier) : — 

150. The square of the value of the (given) area is divided by 
the cube of the given (multiplier). (Then) the given (multiplier) 
is added (to the resulting quotient). Half (of the sum so obtained) 
gives the measure (of one) of the (equal) sides. The given 


150. It is stated in the rulo here that the 
given optional number gives rise to the 
value of the perpendicular in relation 
tp the required figure. As the area is 
equal to the product of the perpendi- 
cular and half the sum of the base and 
the top-side, the given optional number 
represents the measure of half the sum 
of the base and the top-sido. If 
A BOD bo a quadrilateral with three 
equal sides, and CE the perpendicular 
from C on AD, then AE is half the 
sum of AD and BC, and iB equal to the 
given optional number. It oan be 
easily shown that 2 AD. AE = CE* + 


given area when divided by the 



AE*. 


CE* x AE* 


, AD = 


AE* 


— + AE 


CE* + AE* CE* AE 

= 2AE 2 AE + 2 = " 2 

Here OE x AE the given area of the quadrilateral. 


(CE>AK ^ ab , 

AB‘ 


This last formula 

happens to be what is given in the rule for finding ont any of the three equal 
%id«a of the quadrilateral contemplated in problem. 
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(multiplier) as multiplied by two and (then) diminished by the 
value of the aide (just arrived at) gives riso to the value of the 
top-side. And the (given) area divided by the given (multiplier) 
gives rise to the value of the perpendicular (dropped from the 
ends of the top-side) in relation to this required quadrilateral figure 
with three equal sides. 


An example in illustration thereof. 

151. In the ease of a certain quadrilateral figure with three 
equal sides, the accurate value of the area is 96. The given 
multiplier is 8. Give out the values of the base, of the sides, of 
the top-side and of the perpendicular. 

The rule for arriving at the numerical measures of the top- 
side, of the baso, and of the (other) sides in relation to a quadrila- 
teral figure having unequal sides, with the aid of 4 given divisors, 
when the accurate value of the area (of the required quadrilateral 
figure) is known : — 

152. The squaro of the given area is divided (separately) by 

the four given divisors; (and the four resulting quotients are 
separately noted down). Half of tho sum of (those) quotients 
is (noted down) in four positions, and is (in order) diminished 
(respectively) by those (quotients noted down abovo). The 
remainders (so obtained) give rise to # the numerical values of the 
sides of a quadrilateral figure (having unequal sides and conse- 
quently) named ‘ unequal/ ’ 


162. The area of a quadrilateral with unequal sides b#s already been men- 
tioned to be /v /| ( -,_ a) ( 9 -d), where • = batf the perimetor, and 

a, b, e, and <2 are the measures of the sides (tide note to atansa 50 in thia chapter). 
The rule here given require* that tho numerical value of the area thou Id be 
squared and then divided separately by the four optionally chosen divlsqrs. If 
(a— o) (f — b)($— e) (a-d) in divided by four suitably chosen divisors so fa to 
five as quotient* i~a, t~b, t~c, and *- d, then on adding these quotients and 
h* ly ing their aum, the result is seen to bs a. If a is diminished in order by 
i—a t a— 6, «— e, and a-d, the remainders represent respectively the values of thp 
sides of the quadrilateral with unequal sides. * 


30 
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An example in illustration thereof. 

153-153$. In the the case of a quadrilateral figure with unequal 
sides, the (given) aoourate measure of the area is 90. And the 
produot of 5 multiplied by 9, as multiplied by 1.0, 18, 20 and 
36 respectively, gives rise to the (four given) divisors. Tell me 
quickly, after calculating, the numerical values of the top-side, the 
base and (other) sides. 

The rule for arriving at the numerical value of the sidet 
of an equilateral triangular figure possessing a given acouratel) 
measured area, when the value of (that) accurately measured aret 
is known : — 

154$. Four times the (given) area is squared. (The resulting 
quantity) is divided by 3. The quotient (so) obtained happeni 
to be the square of the square of the value of the side of av 
equilateral triangular figure. 

An example in illustration thereof. 

155$. In the case of a certain equilateral triangular figure 
the given area is only 3. Calculate and tell me the value of (its 
side. 

After knowing the exaot numerical measure of a (given' 
area, the rule for arriving at the numerical values of the sides 
the base and the perpendicular of an isosceles triangular figur 
having that same accurately measured area (as its own) : — 

156$. In the oase of the isosceles triangle (to be so) construo 
ted, .the square root of the sum of the squares of the quotien 
obtainod by dividing the (given) area by an optionally ohosei 
quantity, as also of (that) optionally ohosen quantity, gives ris< 
to the value of the sido : twioe the optionally ohosen quan 
tity gives the measure of the base ; and the area divided bj 


164$, The rale here given may be seen to be derived from the formula fo 
the area of an equilateral triangle, vi*., area=o* x ^ J where o is th 
measure of a tide. 

156$. In problem* of the kind contemplated in this rale, the measure of tbi 
area of an isoeoeles triangle is given, and the valae of half the base ohoeen a 
option is also given. The measures of the perpendicular and the side are thei 
Easily derived from these known quantities. 
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the optionally oflosen quantity gives rise to the measure of the 
perpendicular. 

An example in illustration thereqf, 

157J. In the case of an isosceles triangular figure, the accurate 
measurement of the area is 12. The optionally chosen quantity 
is 3. (Jive out quickly, 0 friend, tho values of (its) sides, base, 
and perpendicular. 

The rule for arriving, after knowing tho exact numorionl 
measure of a (given) area, at a triangular figure with unoqual 
sides, having that same accurately measured area (as its own) : — 

158£. The given area is multiplied by eight, and to the 
resulting produot the square of the optionally chosen quantity is 
added. Then tho square root (of the sum so resulting is obtainod). 
Thecubo(ofthis square root) is (thereafter) divided by tho option- 
ally chosen number and (also) by tho square root (obtained as above). 
Half of the optionally chosen number gives tho measure of the 
base (of the required triangle). Tho quotient (obtained in the 
previous operation) is lessened (in value) by tho (measure of this) 
base. (The resulting quantity) is to be used in carrying out tho 
sahkramana process in relation to the square of tho optionally 
ohosen quantity as divided by two as woll as tho square root 
(mentioned above). (Thus) the values of tho sides arc arrived at. 


158$. If A represents the area of a triangle and d is tho optionally chosen 
number, then aocording to the rale the required yah ion arc obtainod thus : 
d 

2 ' =-= baso j , 

(vg jjgr _d _j_ 

i V saTT* "2 aV a j L + d* = 8jd0 „. 

and g 

When the area and the halo of a triangle arc given, tbo locos of tho vertox 
is a line parallel to the base, and t.he sides oan hove any set of values. In order 
to arrive at a specific set of values for the sides, it is evidently assumed here 
that the tom of the two sides is oqua! to the sum of tho baso and twioc the 

altitude i.s. eaual to-+2 A— .. With this assumption, the formula above 
^ 2 d-f-4 

given for the measure of the sides can be derived from tho general formula for 
the area o! the triangle, -hf (*-c) P ven <n ,Uo *» 60 oi 

chapter. * * 
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An example in illustration thereof. 

1594. In the case of a certain triangular figure with unequal 
sides, it has been pointed out that 2 constitutes the acourat< 
measure of its area and 3 is the optionally ohoson quantity 
What is the value of the base as well as of the sides (of thal 
triangle) F 

Again, another rule for arriving, after knowing thb exaci 
numerical measure of a (given) area, at a triangular figure with 
unequal sides having that same (accurately measured) area (as its 
own) 

160^-1 61 The square root of the measure of the given area 
as multiplied by eight as increased by the square of an option- 
ally ohosen number is obtained. This and the optionally ohosen 
number are divided by each other. The larger (of these quotients) 
is diminished by half of the smaller (quotient). The remainder 
(thus obtained) and (this) half of the smaller (quotient) are 
respectively multiplied by the above-noted square root and the 
optionally chosen mumber. On carrying out, in relation to the 
products (thus obtained), the prooess of sahkramana , the values 
of the base and of one of the sides are arrived at. Half of the 
optionally ohosen number happens to be the measure of the other 
side in a triangular figure with unequal sides. 

An example in illustration thereof. 

162£. In the oase of a triangle with unequal sides, the aoourate 
measure of the area is 2, and the optionally chosen quantity is 3. 
0 friend who know the seoret of oaloulation, give out the measure 
of the base as well as of the sides. 

The rule for arriving, after knowing the accurate measure of 
a (given) area/at a regularly oiroular figure having that accurately 
measured area (as its own) 

16&J. The aoourate measure of the area i§ multiplied by four 
and is divided by the square root of ten. On getting at the square 

& 

168$. The rule in this atanaa it derived from the formula, area *= - * 
inhere d ia the diameter of the oirole. ♦ 
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root (of the quotient resulting thus), the value of the diameter 
happens to result. In relation to a regular oircular figure, the 
measure of the area and the oircumference are to bo made out as 
explained before. 

An example in illustration thmof \ 

164J. In the oase of a regular circular figure, the accurate 
measure of .the area has been pointed out to bo 5. Calculate 
quickly and tell me what the diameter of this (circle) may bo. 

On knowing the approximate measure as well as tho accurate 
measure of an area, tho rule for arriving at a quadrilateral figure 
with two equal sides as well as at a quadrilateral figuro with throe 
equal sides, having those same approximate and aocurato measures 
(as such measures of their areas) : — 

165^. Id the case of (tho quadrilateral with) two equal sides, 
the square root of the differonoe between tho squares of tho 
(approximate and accurate) measures of the aroa is to ho obtainod. 
On adding (this square root) to tho optionally chosen quantity and 
on subtracting (the same square root from tho samo optionally 
ohosen quantity), the base and tho top-sido are so obtained ns to 
have to be divided by the square root of tho optional quantity. 
The approximate measure of tho area gives rise to the valuo of the 
sides so as to have to be divided by tho square roof of tho optional 
quantity. 


165^. If R represents tho approximate aroa of u quadrilateral with two equal 
sides, and r the accurate value thereof, and p is the optionally chosen number, 

then 


base : 


/y/R s -r» + P , 

V V 


top-side = 


p - V «* - rv 

Vp 


and each of tho 


equal sides— — - t If a, b, c and d bo the measures of the sides of 

, Vp 

the quadrilateral with two equal sides, b 

thou it may be seen that 
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In the case of (the quadrilateral figure with) three equal sides, 
the square root (of the difference between the two area-squares above 
noted) is added to the approximate measure of the area. (On 
treating the resulting sum as the optional quantity and) on adding 
and subtracting (the said square root as before), the base and the 
top-side are obtained so as to have to be divided by the square root 
of (suoh) optional quantity. (Here also), the approximate measure 
of the area, on being divided by the square root of (this) optional 
quantity, gives rise to the moasure of the other sides. 

An example in illustration thereof. 

166^. The accurate moasure of the area is 5 ; the approximate 
measure of tlie area is 13 ; and the optionally chosen quautity is 16. 
What are the values of the base, the top-side, and the (other) side 
in the ease of a quadrilateral figure with two equal sides? 

An example relating to a quadrilateral figure with three 
equal sides. 

167J. The accurate measure of tho area is 5 ; and the approxi- 
mate measure of the area is 13. Think out and tell me, 0 friend, 
the values of the sidos of the quadrilateral figure with three 
equal sides. 

Tho rule for arriving, when the approximate and the accu- 
rate measures of an area are known, at the equilateral triangle and 
also at the diameter of the circle, having those same approximate 
and aoourate measures (for their area) ; — 

168J. That which happens to be the square root of the square 
root of tho difference between the squares of the (approximate 
measure and of the aoourate measure of the given) area is to be 


ft , «d r . i+* x 3E zW. 

The formulae given above for the base and the topside can be easily verified 
by substituting these values of R, r aud p therein. Similarly the rule may be 
•een to hold good in the case also of a quadrilateral figure with throe equal side*. 

168b For the approximate and aoourate value* of an equilateral triangle *ee 
pile* la staaia* 7 and 60 of thi* chapter. 
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multiplied by two. Ihe result is the measure of the side in the 
(required) equilateral triangle. It is also the measure of the 
diameter of the (required) regular oirole. 


Examples in illustration thereof. 

169$. The approximate area is 18. The accurate area is tho 
square root of 3 8 as multiplied by 9. Tell me, 0 friond, after 
calculating, the measurement of the (required) equilateral triangle. 

170$. The accurate measure (of tho area) is tho square root of 
6,250. The approximate measure (of tho area) is 75. What is the 
measure of the diamoier of tho cirelo (having such areas) P 

When the practically approximate and the accurately calcu- 
lated measures of an area arc known, the rule for arriving at tho 
numerical values of the baso and tho side of an isosooles triangle 
having the same approximate and accurate measures for its area 

171$. Twice the square root of tho dillbronoe between the 
squares of the (approximate and the accurate) measures of tho 
area is to be taken as the baso of a (certain isosceles) triangle ; 
and the given approximate measure (of the area) is to be taken as 
*the value of one of tho equal sides. And on dividing (these 
values of the base and the side) by the square root of half (the 
above derived value) of the base, (the required measures of the 
base and the side of the required isosooles triangle arc obtained). 
This is the rule in relation to the isoscoies triangle. 

f 

An example in illustration thereof. 

172$. It is pointed out that here, in this case, the accurate 
measure of the area is 60, and the approximate measure is 65, 
Tell me, 0 friend, after calculation, the numerical measuro of the 
sides of the (required) isosceles triangle. 

An optional number and a quadrilateral figure with two equal 
sides being given, the rule for arriving at the numerical values of 
the base, and the top-side, and the (other) sides of another quadri- 
lateral figure (with two equal sides) which has an accurate meaaurd 
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of area equal to the accurate measure of the area of the given 
quadrilateral figure with two equal sides 

173$. If the square of the value of the perpendicular (in the 
given quadrilateral figure with two equal sides) is used along with 
the given optional number in carrying out the process of mama - 
sankramam, then the larger (of the two results obtained) becomes 
the measure of either of the equal aides (in the required*'quadri* 
lateral figure with two equal sides). Half of the sum of the values 
of the top- side and the base (in the given quadrilateral figure with 
two equal sides), on being respectively increased and decreased by 
the smaller (of the two results in the visamasankramam process 
above-mentioned), gives rise to the values of the bnse and the 
top-side in tho (required) quadrilateral figure with two equal sides. 

173$. The problem contemplated in this rnle in to construct a quadrilateral 
with two equal sides that shall be equal in area to a given quadrilateral with 
two equal aides and shall also have the same perpendicular distance from the top- 
side to tho base. Let a and c be the equal sides of the given qnadrilatera), and ft 
and d be the top side and tho base thereof respectively j and let tho value of the 
perpendicular distance bop. If 6,, e h d,, bo taken to be the corresponding 
sides of the required quadrilateral, then, since the area and the perpendicnlar 
are the same in the case of both the quadrilaterals, we have, 
di + b x *=d + ft(I) : 



dioriu (IV) 

Here N is what it oalled f? or the optionally given number in the rale, and 
formulae HI and IV are those that are given in the role forth© solution of the 
problem. 
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4 n example in illustration thereof, 

1744. The base (of the given quadrilateral figure) is 14 ; eaoh of 
the (two equal) sides is 13 j the top-side is 4| the perpendicular is 
12 ; and the optionally given number is 10. What is that other 
quadrilateral figure with two equal sides, the acourato measure (of 
the area) of which is the same as (the aoourate measure of) the 
area of (this ^iven quadrilateral) ? 

When an area with a given practically approximate measure 
is divided into any required number of parts, tho rule for 
arriving at the numerical measure of the bases of those various 
parts of the quadrilateral figure with two equal sides, as also at 
the numerical measure of the sides as measured from the various 
division-points thereof, the numerical measure of the praotically 
approximate value of the area of tho quadrilatoral figure with two 
equal sides being given : — 

175$. The difference between the squares of the (numerical) 
values of the base and the top- side (of the givon quadrilateral 
figure with two equal sides) is divided by the total valuo of the 
(required) proportionate parts. By the quotient (so obtained), 


1751. If ABCD bo a quadrilatoral with two equal sides, and if KF, (HI and 
KL divide the quadrilateral go that the divided portions Alt) 
are in the proportion of m , it, p and q in reipeot 
of area, then according 10 tho rule, 

EF 

m + n + p + g 

on =J — -*(«• + »)T* ' °/ 

▼m+n+p+g / 

/ d 3 - b 3 " K/ 

A/ • x (m + » + p) / v q 

^m+n+p+g f 

and so on. 


=V 4 *f- 

▼m+n+p+g fa 



(a m 

\ 2 / m + n + p + * _ \ 2 / m + n + p + 


Similarly AS == ' BF + AD ' ' ' ' ! E ° 

2 

(a x HI) x t 

QK = - —L f and «o on. 

KL + OB * 


an -f rf 

- 


vrqi 


It oan be easily shown that 


AB _ BC-AD 
AM SF-AD : 
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the ratio values of the (various) parts 1 are (respectively) multiplied. 
Toeaoh of the products (so obtained), the square of the measure 
of the top-side (of the given figure) is added. The square root 
(of the sum so obtained) gives rise to the value of the base “(of 
each of the parts). The area (of eaoh part divided by half the 
sum of the values of the base and the top-side (thereof) gives in 
(the requisite) order the value of the perpendicular (whioh for 
purposes of approximate measurement is treated as the aide). 

Examples in illustration thereof \ 

‘ 176$. The measure of the top- side is given to be 7 ; that of 
the base below is 23, and that of eaoh of the (remaining) sides is 
30. The area (inoluded within such a figure) is divided between 
two so that each obtains one (share). What is the value of the 
base (to be found out here) P 

177$-178$. The measure of the base (of a quadrilateral with 
two equal sides) is 162, and that of the top-side (thereof) is seen 
to be 1 8. The value of eaoh of the (two equal) sides is 400. The 
area of this (figure so enolosed) is divided among 4 men. The 
parts obtained by the men are (in the proportion of) 1, 2, 3, 
and 4 respectively. Give out, in accordance with this propor- 
tionate distribution, the values of the area, of the base, and (of 
either) of the (two equal) sides (in each oase). 

179$. The measure of the base (of the given quadrilateral 
figure) is 80, that of the top-side is 40 ; the measure (of either) of 


AB(BC+AD) _ BC 8 — AD 8 
•’* AE{BF + AD) W^AD 8 

A B (BO + AD) _ wi + n + p + g i . B C*- A D s m + w + p + g . 
A E (E F t A D) m E F 8 — A D 8 1=1 m 


m(BC ! -AD‘) ^ . n2 d*-b l , 

w + n + <p * q w + n+ p + q 

and IFa tj * ~ T 

Similarly the other formulas may also be verified. 

* Although the text simply states that the quotient has to be multiplied by 
the value of the parts, what is intended is that the quotient has to be multiplied ' 
by the number representing the value of the parts up to the top-side in eaoh oase. 
That is, in the figure on the previous page, to arrive at GH, for instance. 

d*--6* * 

~ ^ QM to be multiplied by m + n and not by n merely. 



CHAPTER Vtl — MEA8UBEMENT OP AREAS. $48 

t 

the (two equal) sides is 4 x 60. The share parts are (in the 
proportion of) 3, 8, and 5. (Find out the values of the areas, the 
bases, and the sides of the required parts). 

In the case of two pillars of known hoight, two strings are 
tied, one to the top of each. Each of these two strings is stretohed 
in the form of a hypotenuse so as to touch the foot of the other 
pillar, or so as to go beyond the other pillar and touoh (the 
ground). From the point where tho two hypotenuse strings 
meet, another string is suspended (perpendicularly) till (it touohos) 
the ground. The measure of this (last) string goes by the name 
antaravalambaka or the inner perpendicular. Tho lino starting 
on either side from the point where (thin) perpendicular string 
touches (the ground) and going to tho points where tho (above- 
mentioned) hypotenuse strings touoh the ground has the name 
oiabddhd , or tho segment of tho base. The rule for arriving at 
the values of suoh inner perpendicular and (suoh) segments of tho 
base 

1 80 The measurement of each of the pillars is divided by 
the measurement of the baso oovering the length between tho 
(foot of the pillar) and tho (point of contact of tho hypotenuse) 
string (with the ground). Each of the quotients (so obtained) is 


180|. If a and 6 represent tho 
height of the pillars in the diagram, 
e the distance between tho two pilla 
rs, and m and « the respective dist- 
ances of the pillars from the point 
where the string stretched from the 
top of the other pillar meets tho 
earth, then, acoording to the rule, 



1 lc + * ' (e + m) (c + nj J l« + " ‘ 

a(t t w) + 6 ( c 4 - n) I (<; + nt + n) ; whore e, and c, are segments of 
(c t m) (c + a) J * 

the base as a whole ; and p =r= C| *• ^ — , or c, * — - — ’ w ^ero V *• mess- 
c -f m c + n 

are of the inner perpendioular. From s consideration of the similar triangles 
in the diagram it may be seen that *•- t± and y * — - • 


b 
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(then) divided bj their sum. The (resulting) quotients, on being 
multiplied by the measure of the base (as a whole) give rise to the 
(respective basal) segments. These (measures of the segments 
respectively) multiplied in the inverse order by the quotients 
(obtained in the first instance as above), give rise (in each case) to 
the value of the inner perpendicular. 

Examples in illustration thereof \ 

181$. (The given) pillars are 16 hastas in height. The base 
(oovering the length between the points where the strings touoh 
the ground) is pointed out to be 18 hastas. Give out, in this 
case, the numerical value of the segments of the base and also of 
the inner perpendicular. 

182$. The height of one pillar is 36 hastas ; that of the second 
is 20 hastas> The length of the base-line is 12 hastas. What is 
the measure of the ( basal) segments and what of the (inner) 
perpendicular P 

183^-184$. (The two pillars are) 12 and 15 hastas (respect- 
ively) ; the measure of the interval between the two pillars is 
4 hastens. From the top of the pillar of 12 hastas a string is 
stretohed so as to cover 4 hastas (along the basal line) beyond the 
foot of the other pillar. From the top of (this) other pillar 
(which is 15 hastas in height) a string is (similarly) stretched so 
as to oover 1 hasta (along the basal lino) beyond the foot (of the 
pillar of 12 hastas in height). What is the measure of the (basal) 
segments hero, and what of the inner perpendicular P 

185$. (In theoase of a quadrilateral with two equal sides), 
eaoh of the two sides is 13 hastas in measure. The base here is 14 


From these ratio* wo get- 1 = 

c t b (c + n) 

. Cl _ O (c + m) 

' * C , + Cj 


c x = 


a (c + »n) (c + in + n) . 
a (c + wi) + b (c + n) * 


Similarly e, = 


« (c + «t)+ 6(c + n) * 

. «(» + ») (c+«.»i») „ _2_ i0rCl X _L. 

a(c + m) + b(c + n ) « cfn c +m. 

lSB^. Here a quadrilateral with two equal aHea ia given j in the next atanxa 
a quadrilateral with three equal sidea, and in the one next to it a quadrilateral 
rith unequal aides are given. In all these oaaes the diagonals of the qaadri* 
lateral have to be first found out in accordance with thf rule given in atansa 
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hastas , and the top-side is 4 hastas. What is the measure of the 
(basal) segments (caused by the inner perpendicular) and what 
of the inner perpendicular (itself) P 

186$. In the oase of the (quadrilateral) figure above-mentioned, 
the measures of the top-side and the base aro each to be taken to 
be less by 1 hasta. -From the top of each of the two perpendi- 
culars, a strfng is* stretched so as to reach the foot (of the other 
perpendicular). You givo out the measures of the innor perpendi- 
cular and of the basal segments (caused thereby). 

187$. (In the case of a quadrilateral with unequal sides), one 
side is 13 hastas in measure ; the opposite side is 15 hastas \ the 
top-side is 7 hastas ; and the base here is 21 hastas What aro 
the values of the inner perpendicular and of the basul segments 
(caused thereby) P 

188$- 189 There is an equilateral quadrilateral figure, 
measuring 20 hastas at the side. From the four angles of that 


VII-54, and then the measures of the porpendiculors from the, oihIh of the top- 
side to the ba«e as also the measures of the segments of the ha se cuuto'd by 
those perpendiculars have to ho arrived at by the application of I ho ruh* given 
in stanza VII. 49. Thon taking these muasuies of the perpendiculars to b» 
those of the pillars, the rule given in stnnxa l SOI above in applied to arrive at the 
measures of the inner perpendioalur end the basal segments on used thefeby. 
Theproblom given in stanza lh7$ is however worked in a slightly different way in 
the Kanarese commentary. The top-side is supposed to be parallel to the base, 
and the measures of the perpendicular and of the husal segments caused there- 
by are arrived at by constructing a triangle whose sides are the two sides of the 
quadrilateral, and whose base is equal to tho difference between the base and the 
top’Bide of the quadrilateral. 

1884-1891. Tho figure contemplated 
In this problem seems to bo this : - 
The innor perpendiculars ruferrod to 
herein are (1H and KL. To find oat 
these, FE is first determined. FE, ac- 
cording to thp commentary, is said to be 
equ al to _____ 

J CM * _ f DM’ + DE’+UDM) 2 }- 
’ 2 ’• » 

Then with FE and BO or AD taken as 
pillars, the rule under reference may 
be applied. 
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(figure) strings are stretched out so as to reaoh the middle point of 
the (opposite) sides, (this being done) in respect of all the four sides. 
What may be the measure of each of the strings so stretched out P 
In the interior of suoh (a quadrilateral figure with strings so 
stretched out), what maybe the value of the (inner) perpendicular 
and of the basal segments (oaused thereby) P 

The measure of the height of the pillar is known. For some 
reason or other that pillar gets broken and (the upper part of the 
broken pillar) falls (to the ground, the lower end of the broken off 
part, however, remaining in contact with the top of the lower 
part). Then the basal distance between the foot of the pillar and 
its top (now on the ground) is ascertained. And (here is) the 
rule for arriving at the numerical value of the measuro of the 
remaining part of the pillar measured from its foot : — 

190|. The half of the difference between the squaro of the 
total height and the square of the (known) measure of the basal 
distance, when divided by the total height, givos rise to the 
measuro of what remains unbrokeu. What is left thereafter (out 
of the total height) is the measure of the broken part. 

Examples in illustration thereof. 

191 J. The height of a pillar is 25 hastas. It is broken some- 
where between (the top and the foot). The distance between 
the (fallen) top (on tho floor) and the foot of the pillar is 5 hastas. 
How far away (from the foot) is it (viz., the pillar) broken ? 


B 


1901. If A B C is a right-anglod triangle, >ud 
if the measures of AC and of the sum of AB and 
BC are given, then AB and BC can be found out 
from the fact that BC S = AB*+ AC S . The for- 
mula given in the rule is 


*t>_(AB + BC)»~AC\ 

2 (AB + BC) 

and this can be easily proved to be true from 
the above equality. 
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192$. There pre 49 hastas in the measurement of the height 
of a bamboo (as it is growing). It is broken somewhere between 
(the top and the bottom). The distance (between the fallen top 
on the floor and the bottom of the bamboo) is 21 hastas. How * 
far away (from the foot) is it broken ? 

it)3J-195$. The height of a certain tree is 20 hastas . A 
certain man seated on the top (of it) threw down a fruit thereof 
along a # patlf fornfing a hypotenuse. Then another man standing 
at the foot of the tree went towards that fruit taking a path repre- 
senting the other side (i.e., the bsse of the triangle in the situation) 
and reoeived that fruit. The sum of tho distances travelled by 
that fruit and this man turned out to he 50 hastas. What is the 
numerioal value of tho hypotonuso representing the path of that 
fruit ? What may be the measure of tho other side representing 
the path of the man who was at tho foot of the tree F 

The numerical value (of tho height) of a taller pillar as ipl so tho 
numerioal value (of tbe height) of a shorter pillar is known. Tho 
numerical value (of tho length) of the intervening space between 
the two pillars is also known. Tho taller (of the two pillars) gets 
broken and falls so that the top thereof rests on the top of tho 
shorter pillar, (the other end of the broken bit of the toller pillar 
being in contact with the top of the remaining portion thereof). 
And now the rule for arriving at the numerical value (of tho 
length) of the broken part of the taller pillar as also at the numeri- 
cal value (of the height) of the remaining part (of the same tailor 
pillar) 

196$. From the square of (tho numerical measure of) the 
taller (pillar), the sum of the square of tho measure of tho shorter 


196}. If a represents the height of the taller pillar 
And b that of the shorter pillar, c the length of the inter* 
vening iptoe between them, and a, the height of the 
standing portion of the broken pillar, then, according to 
the role, 


a* — (fr* + c* ) 

1 2(o -t) ’ 
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(pillar) and the square of that of the base is subtracted. Half (of 
the resulting remainder) is divided by the difference between 
(the measures of) the two pillars. The quotient gives rise to the 
measure of the height (of the standing part) of the broken 
(pillar). 

An example in illustration thereof. 

197 J. One pillar is 5 hastas in height ; similarly another pillar, 
whioh is the taller, is 23 hastas (in height). The (length of the) 
intervening space (between the pillars) is 12 hastas. The top of the 
broken taller (pillar) falls on to the top of the other (pillar). (Find 
out the height of the standing part of the broken taller pillar.) 

Taking two-thirds of the numerical value of the vertical side 
of a longish quadrilateral as the height of a mountain, the 
rule for arriving, with the aid of the numerical value of the height 
of that mountain, at the numerical values of the horizontal side 
and of the diagonal of that longish quadrilateral : — 

198-J. Twice the height of the mountain is the measure of the 
distance between the (foot of the) mountain and the city (there). 
Half (the height) of the mountain is the measure (of the distanoe) 
of the upward flight in the sky. The diagonal is arrived at on 
adding together half tho height of the mountain and the distanoe 
(of the oity from tho foot of the mountain). 

An example in illustration thereof. 

199^-200^. On a mountain having a height of 6 ydjanas there 
wore 2 ascetics. One of them went walking on foot. The other 

B 

1994-2004. If in the marginal figure, a 
represents the height of tho mountain, b 
the distanoe of the city from the foot of ® 
the mountain, and c the length of tho 
hypotenuse course, then a is, according a 
to tho supposition made in the preamble 
to the rule in 1984, $ of the Bide AB. 

Therefore the height of the flight upwards 

EB., is 4 a I A 

6 

As the oourses of the two ascetics are oqual, 

c * 4 ® — a ♦ & » c = 4 a + & ••• II 

c* = 4a* + t* + at. 

C But c* = fa* + b' } ,\ at = 2a* t = 2a ... Ill 

The three formulas marked I, II and III above are those given in the rale. 
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was capable of moving in the sky. This asoetio flew up and then 
came down to the oity taking the hypotenuse oourae. The other 
asoetio descended from the summit (vertically) to the foot of the 
mountain (and walked along) to the oity. (It was found that) 
both of them had travelled over the same distauee. (What is) the 
distance of the city (from the foot of the mountain) and what the 
height «f the flight upwards ? 

In an area representable by a (suspended) swing (and its 
vertical supports resting on the ground), the measures of the 
heights of either two pillars or two hill-tops aro takcu to be the 
measures of the horizontal sides of two longish quadrilateral figures. 
Then, (with the aid of these known horizontal sides and) in 
relation to the base lino either betweon the two hills or between 
the two pillars, (as the oaso may be), the vq^ies of the two segments 
(caused by the meeting point of the perpendicular) aro arritsed at. 
These two segments are written down in tho inverse ordor. The 
values of the two segments so written down in tho inverse order 
are taken to be the values of the two perpendicular sides of tho 
two longish quadrilateral figures. And, now, the rule for arriving 
at the equal numerical value of tho diagonals of thoso (two longish 
quadrilateral figures) 

20 1^-203 J. In relation to a figuro re presentable by a (sus- 
pended) swing (and its vortical supports resting on the ground), 
the measures of the heights of either two pillars or two hills are 
taken to be the measures of tho two sides of a triangle. Then, in 
relation to the value of the base (lino) enclosed hptweon thoso two 



2011-2034. In tho two quadrilateral* 
of tho kind contemplated in thi» rule, lot 
the vertical *ide* be represented by 0 , b j 
b let the base be c ; and let c , , e $ , Ik? Its aeg* 
• menta and l the length of each of tho 
equal portion* of tho rope. 
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sides (whioh has to be the same in value as the base line between 
the given pillars or hills), the segments (of the base caused by the 
meeting of the perpendicular from the vertex with the base) are 
arrived at in accordance with the rule laid down already. If the 
values of these (segments) are written ilown in the inverse order, 
they become the values of the two perpendicular sides of the two 
longish quadrilaterals in the required operation. Then, in accord- 
ance with the rule given already, the values of the diagonals 
of the two longish quadrilateral figures may be arrived at with 
the aid of the values of those two sides (of the triangle above 
mentioned whioh are taken here as the two horizontal sides of 
the longish quadrilateral) and of those two perpendicular sides. 
These (diagonals) are of equal numerical value. 

Examples in illustration thereof. 

204J-205. One pillar is 13 ( hastas in height). Tho other is 
15 ( hastas in height). Tho intervening distance (between them) 
is 14 {hastas). A rope (having its two ends) tied to the tops (of 
these two pillars) hangs down so as to touch tho ground (some 
where between the two pillars). What are the values of the 
two segments, (so caused, of the base-lino between the pillars) P 
The two (hanging) parts of the rope are (in their length) of equal 
numerical value. Give out also the rope-measure. 

206-207^. The height of (one) hill is 22 (ydjanus). That of 
another hill is 18 {yojanas). The intervening space between the 
two hills is 20 {yojanas in length). There stand two religious 
mendioants, (one) on the top of each, who can move along the 
sky. For the purpose of begging (their food), they (came down 


Now, a 1 + = 6* + c* t ■ 

.\ (c* + ci) (c g - O = a* - b M ; and c, + c ; 

a» - b % m b • 

+e c— — 

,\e t — 5 and c, =* « 


These values are obviously those of the segments of the base * of a triangle 
having the sides a and b, the segments having been canned by the perpendiottlai 
from the vertex. This is what is stated in this rule. Fids rale given in stanm 
49 above, 
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through the sky *and) met in the oity there (between the hills) ; and 
it turned out that they had travelled (along the sky) over equal 
distauoes. (Under these ciroumstances), of what nuraerioal value 
were the segments (of the basal line between the two hilts) P Of 
what value, 0 you who know calculation, is the numerical measure 
of the equal distance travelled in this (area) representable by a 
(suspended) ^wing. 

208J-209}. The height of one hill is 20 yojanas ; and simi- 
larly, that of another (hill) is 24 yojanas. The intervening spaoe 
between them is 22 yojanas (in length). Two mendicants, who 
stayed on tho tops of theso two hills, (one on each), and were 
able to move through the sky, came down, for tho purpose of 
begging thoir food, to tho oity situated between those (two hills), 
and were found to have travelled (along tho sky) over equal 
distances. What is the measure (of the length) of tho intervening 
space between that (city) in tho middle and the hills (on* either 
side). 

The rule for arriving at the value of tho number of days 
required for the meeting together of two persons moving with 
unequal speed along a course representable by (the boundary of) 
a triangle consisting of (three) unequal sides : — 

210J. The sum of tho squares (of the numerical values) of 
the daily speeds (of the two men) is divided by the difference 
between tho squares of tho values of (those same) daily speeds. 
The quotient (so obtained) is multiplied by tho number of days 
spent (by ne of the men) in travelling northwards (before tra- 
velling to tho south-east to meet the other man). Tho meeting 
together of (these) two men takes place at tho end of tho number 
of days measured by this prod not. 

2101. The coomc contemplated bero is that along the aide* of ft right angled 
triangle. Tho formula given in the role, if algebraically represented, is 

* — X d, 

b t -a 

where * »• the number of days tlken to go through the hypotonuae course, 
a end 6 the rates of journey of the two men, and d the number of day* taken in 
going northward*. Thi* follow* from tho under mentioned equation which 
baaed on the data given in the problem : 

b» *» = d* b * +.(* + <*)* * o' 
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An example in illustration thereof. 

211^-212-J. The man who travels to the east moves at tin 
rate of 2 ydjcvnas (a day) ; and the other man who travels north- 
wards moves at the rate of 3 ytijanas (a day). This (latter man] 
having thus moved on for 5 days turns to move along the hypo- 
tenuse. In how many days will he meet the (other) man P Botl 
(of them) move out at the same time, and tho number of dayi 
spent (by both of them) in journeying out is the pame. 

The rule for arriving at the numerioal value of the diameteri 
of circles described about the eight kinds of figures consisting 
of the five kinds of quadrilateral figures and the three kinds o; 
triangular figures (already mentioned) : — 

213^. In the case of a quadrilateral figure, the value of tin 
diagonal (thereof), divided by that of the perpendicular, and (then 
multiplied by that of tho lateral side, gives rise to tho value of tin 
diameter of the circumscribed circle. In the^case of a trilatera 
figure, the product of the values of the two sides (other than tin 
base) divided by the value of the perpendicular (gives rise to th< 
required diameter of the circumscribed circle). 

Examples in illustration thereof. 

214£. In the case of an equilateral quadrilateral figure having 
8 as the measure of oaoh of (its) sides, and also in the case 
another (quadrilateral figure) of whioh the vertical side measures ( 
and the horizontal side measures 12, what is the measure (of thi 
diameter) of the ciroumsoribed circle P 


213}. Let AGO be a triangle inscribed 
in a circle, Al) the diameter thereof, and BE 
the perpendicular on AC. Joiu BD. Now 
the triangles ABD and BEO are similar. 

AB : AD=BK : BC 


AD 


ABxBG 
‘ BE 


This is the formula given in the rule 
for the diameter of a oirele o ire am scribed 
•boot a quadrilateral or a triangle. 
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215^. The two lateral sides are (eaoh) 13 in measure ; the top- 
side is 4 ; and the base is said to be 14 in measure. In this case, 
what may be the diameter of the cirole described about (such) a 
quadrilateral figure with two equal sides ? 

216$. The top-side and the (two) lateral sides are oach 25 in 
measure. The base is 39 in moasuro. Tell me (hero) the measuro 
of the (Jiametor of the oirele described about such a quadrilateral 
figure with three equal sides. 

217$. One of the lateral sides is' 39 in measure; tho other 
lateral side is 52 in measure ; the base is 60 and tho top-side is 25. 

In relation to this (quadrilateral figure), what is tho value of the 
diameter (of the circumscribod oirele) P 

218$. The measure of the side of an equilateral triangle is 6 ; 
and that of an isosceles triangle is 13, the haso (in this easo) being 
10 in measure. Givo out what the values are of tho diameters of 
the oiroles described about these triangles. * 

219$. In tho ease of a triangle with unequal sides tho two 
sides are 15 and 13 in moasuro; the base is 14. Tell mo the 
value of the diameter of the circle described about it. 

2204. If you know the paifaeika (processes of calculation), tell 
me after thinking well what may he the value of the diameter of ^ 
the circle described about a (regular) six-sided figuro having 2 as 
the measure of eaoh of (its) sides. 

The rule for arriving at tho numerical values of the base, of 
the top-side and the (other) sides of tho eight (different) kinds of 
figures beginning with the square, which arc inscribed in a 
regular circular figure having a diameter of known numerical 
value;— 

221$. The value of tho given diameter (of the circle) is divided 
by the value of tho (hypothetically) arrived diameter of the 
circle (described about an optionally chosen figure belonging to 

220$, The Kanareie commentary on this *tan*a work* out this problem by 
pointing out that the diagonal of if regular hexagon in equal to the diameter of 
the circumscribed circle. 

S21f. The role follow* m a matter of coomc from the aimilarity of tho 
required and the optionally ohooen figure*. * 
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the specified variety). The values of the sides, (df this optionally 
chosen figure) should he multiplied by the resulting quotient 
(arrived at as mentioned above). Thus, the numerical values of 
the sides of the figure produced (in the given circle) are deduced. 

Examples in illustration thereof. 

<» • * 

222$. The diameter of a oircujar figure is 13. 0 friend, 
think out well and tell me the (various measurements relating to 
the) eight different kinds of figures beginning with the square 
which are (inscribed) in this (circle). 

The rule for arriving at the value of the diameter of the 
circular figure inscribed within the various (kinds of quadrilateral 
and trilateral) figures mentioned before, with the exception of the 
longish quadrilateral figure, when the aoourate measure of the 
area and the numerical value of the perimeter are known in 
relation to (those same) quadrilateral and other figuros : — 

223$. The (known) accurate moasure of the area of any of the 
figures other than the longish quadrilateral figure should be 
divided by a quarter of the numerical value of the perimeter (of 
that figuro). The result is pointed out to bo the diameter of the 
oirclo insoribod within that figure. 

Examples in illustration thereof. 

224$. Having drawn the insoribod circle in relation to the 
already specified figures beginning with the square, 0 you who 
know the secret of calculation, give out now (the value of the 
diameter of eaoh such inscribed circle). 


223^. If a represents the sum of the aides, and d the diaiteter of the 
insoribed oirole, and A the area of the quadrilateral or the triangle in which the 


cirole ia insoribod, then 



Renoeth# formula given in the rule in d*= A 
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Within the (known) nuraerioal measure of the diameter of a 
regular oircle, any known number being taken os the measure of 
an arrow, the rule for arriving at the numerioal value of the 
string (of the bow) having an arrow of that same measure 

225J. The difference between (the given value of) the diameter 
and (the known value of) the arrow is multiplied by four times 
the vahie of the arrow. Whatever is the square root (of tho 
resulting product), that tho wise man should point out to be tho 
(required) measure of the string (of the bow). 

An example in illustration thereof. 

226 J. The diameter of the circle is 10. It is cut off by 2. 0 
mathematician, give out, after calculating woll, what may bo the 
string (of the bow) in relation to (that) cut off portion (of tho given 
diameter). 

The rule for arriving at tho numerical value of the arrow- 
line, when the numerical value of tho diameter of a (given) 
regular oirole and tho value of >1 bow-string lino (in relation to 
that oircle) are (both) known 

227J. That whioh happens to be the square root of tho 
difference between the squares of the (known) values of the 
diameter and the bow-string line (relating to tho given oirclo) — 
that lias to bo subtracted from the value of tho diameter. Half 
of the (resulting) remainder should bo understood to give (the 
required value of) the arrow-lino. 

An example in illustration thereof. 

228J. The diameter of the (given) circle is 10 in measure. 
Moreover, the bow-string line inside is known to be 8 in measure. 
Give out, 0 friend, what the value of the arrow-line may be in 
relation to that (bow-string). 


g 2S |. The rale* given in et*n*aa 225$, 227 i, 229} end 23 1 1 ere ell be»ed on 
(he feet thefc in e circle the reotanglee contained by tb« eegfaeoU of ter# 
intersecting chord* ere equal. 
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The rule for arriving at the numerioal value of the diameter 
of a (given) oirole when the numerioal values of the (related) 
bow-string line and the arrow line are known : — 

229£. The quantity representing the square of the value of 
the bow-string line is divided by the value of the arrow line as 
multiplied by four. Then the value of the arrow lino is added 
(to the resulting quotient). What is so obtained is 1 pointed out 
to be the measure of the breadth of the regular oirole measured 
through the oentre. 

An example in illustration thereof. 

230£. In the case of a regular circular figure, it is known 
that the arrow line is 2 dandas in measure, and the bow-string 
lino 8 dandas. What may be the value of the diameter in respect 
of this (circle) ? 

When two regular circles cut each othor, there arises a fish- 
shaped figure. In relation to that fish-shaped figure, the line 
going from the mouth to the tail (thereof) should be drawn. 
With the aid of this line, thoro will come into existenoe the 
outlines of two bows applied to each other face to face. The 
line drawn from the mouth to the tail (of the fish-figure) happens 
to be itself the bow-string line in relation to both these bows. 
The two arrow lines in relation to both these bows are themselves 
to be understood as forming the two arrow lines connected with 
the mutually overlapping circles. And the rule here is to arrive 
at the values of the arrow linos connected with the overlapping 
portion when two regular ciroles out eaoh other : — 

231}. With the aid of the values of the two diameters (of 
the two oufcting circles) as diminished by the value of (the 
greatest breadth of) the overlapped portion (of the circles), the 
operation of praksipaka should be carried out in relation to this 
(known) value of (the greatest breadth of) the overlapped portion 
(of the circles). The twp results (so obtained) are in the matter 

28 1|. The problem here contemplated may be teen to have been alto 
**aolved by iryebhata, and the rale given by hi A ooinoidet with the one under 
reference here. 
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. /Jh „M circles pointed out to be the values, eaoh ot the other, 

*_ •*» *™» *“ “ ,h ” ° nM,ri ° e ( 

An example in illustration thereof. 

Ta relation to two circles whose extent is measured by 

(oiroles), are (here). 

„d. o» «-» ***» »< “ IuU 

Thoa ends the aixth eubj , work 

Calculations regarding Areas, m Sarasang 
on arithmetic by Mahaviracarya. 
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CHAPTER VIII. 

CALCULATIONS REGARDING EXCAVATIONS. 

1. I bow in religions devotion with my head (bent downwards) 
to Jina Vardhamana, whose foot-stool is honoured by the crowns 
worn by all the chief gods, who is omniscient, ever-enduring, 
unthinkable, and infinite in form, and is (further) like the young 
(rising) sun in relation to the lotus-lakes representing the good 
and worthy people that are his devotees. 

2. I shall now give out the (throe) varieties of karmantika , 
aundraphala , and sukmaphala (in relation to excavations), which 
varieties are all derived from those various kinds of geometrical 
figures, mentioned before, as results obtained by multiplying them 
by (quantities measuring) depth. This seventh subject of treat- 
ment is the subject of exoavations. 

A stanza regarding the conventional assumption (implied. in 
this ohapter) : — 

3. The quantity of earth required to fill an exoavation mea- 
suring one oubio hasta is 3,200 pains. From that (same cubic 
volume of exoavation) 3,600 palas (of earth) may be taken out. 

The rule for arriving at the oubioal oontents of excavations : — 

4. Area multiplied by depth gives rise to the approximate 
measure of the cubical contents in a regular excavation. The 
lums of (all the various) top dimensions with the corresponding 
bottom dimensions are halved ; and then (these halved quantities of 
the same denomination are all added, and their sum is) divided by 
the number of the said (halved quantities). Such.is the process of 
irriving at the average equivalent value. 


2. The term Au*4ra in Awtfraphala is rather strange Sanskrit and is 
perhaps related to the Hindi word ajfar mewing 2 3 4 deep.’ 

3. The idea in this stanza evidently is that one oubio hasta of compressed earth 
weighs 3,600 palas, whilo 3,200 polos of eprth are snffioient to fiU loosely the 
pace of 1 onbio hasta. 

4. The latter half of this st-ansa evidently gives the prooess by whioh we 
nay arrive at the dimensions of a regular eiQavktion fairly equivalent to any 
^ven irregular exoavation. 
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Examples in illustration thereof. 

5. In relation to (an equilateral) quadrilateral area (represent, 
ing the seotion of a regular excavation), the sides and tho depth 
are 8 hastas (eaoh in measure). In respect of this regular exoava- 
tion, what may be the value of the cubical contents here? 

6. In relation to an (equilateral) triangular area (representing 
the section of a regular excavation), tho sides are 32 hastas each, 
and in the depth there are found 36 hastas and 6 ahgulas. What is 
the calculation (of the contents) here ? 

7. In relation to a (regular) ciroular area representing (the 
section of) a regular excavation, tho diameter is 108 hastas , and tho 
depth (of the excavation) is 165 hastas. (Now), give out what tho 
oubioal contents are. 

8. In relation to a longish quadrilateral area (forming the 
seotion) of a regular excavation, tho breadth is 25 hastas „ the 
Bide (measuring the length) is 60 hastas and tho depth (of tho ex- 
cavation) is 108 hastas. Quickly give out (the cubical contents of 
this regular oxoavation). # 

Tho rule for arriving at the accurate valuo of tho oubical 
oontents in the calculation relating to oxoavations, after knowing 
the result designated karmantika as woll as tho result designated 
awtdra %nd with the aid of these results : — 

9-1 1J. The values of the basoand tho otlior sides of tho figure 
representing the top sectional aroa aro added respectively to the 
values of the base and the corresponding sides of tho figure 
representing the bottom sectional area. Tho (several) sums (so 
arrived at) are divided by tho number of the sectional areas taken 
into consideration (in the problem). The (rosulting) quantities are 

The figure# dealt with in this rule are trunoat«d pyramids with 
rectangular or triangular bases, or truncated cones all of which have to bo 
oonoeived at turned upside down. Tho rule dealt with three different kind* 
of measure* of the oubical content* of excavation#. Of these, two, vis., the 
Xfmiutika and Aufrfra. measures £ive only the approximate value# of the 
oontent#. The accurate measure is calculated with the help of these value* 
If K represent* the Karmdntika-phala and A represents the Aunfra^halc 
* a K 

then the accurate measure Is said to be equal to — j— + K, J K -f | Aj* 
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multiplied with each other (as required by the rules bearing upon 
the finding out of areas when the values of the sides are known). 
The area (so arrived at), when multiplied by the depth, gives rise 
to the cubical measure designated the karmantika result. In the 
case of those same figures representing the top sectional area and 
the bottom sectional area, the value of the area of (eaoh of) these 
figures is (separately) arrived at. The area values «(so obtained) 
are added together and tlion divided by the number of (seotional) 
areas (taken into consideration). The quotient (so obtained) is 
multiplied by the value of the depth. This giveB rise to (the 
oubioal measure designated) the aundra result. If one-third of 
the difference between these two results is added to the karmantika 
result, it indeed becomes the accurate value (of the required cubical 
contents). 

'Examples in illustration thereof . 

12£. There is a well whose (sectional) area happens to be an 
equilateral quadrilateral. The value (of each of the sides) of the 
topi (sectional area) is 20 ( hastas ), and that (of each of tho sides) 
of the bottom (sectional area) is only 16 (hastas). The depth is 9 
(hastas). 0 you who know calculation, tell me quickly what the 
oubical measure here is. . 

18£. There is a well whoso (sectional) area happens to be an 
equilateral triangular figure. The value (of each of the sides) of 
the top (sectional 4 area) is 20 ( hastas ), and that (of each of the 
Bides) of the bottom (sectional area) is 16 ; the depth is 9 (hastas). 
What is the value of the karmantika cubical measure, of the 

If a and 6 bo the measures of a side of tho top and bottom surfaoes respectively of 
i trunoated pyramid with a squaro base, it can be oasiiy shown that the aconrate 
measure of the cubical contents is equal to $ h (a 1 + 6* + a b), where his the 
height of the truncated pyramid. The formula given in the rule for the accurate 
measure of the cubical oontent.s may be verified to be the same as this with the 
nelpof tho following values for ths KarmSntika and Awtifra results given in the 
rule;— 

Similar verifications may be arrived at in the oase of truncated pyramids 
laving an equilateral triangle or a rectangle foi^tbd base, and also in the oaae 
of trunoated cones, . 
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aundra cubical measure, and of the acourate cubical meisnre 
here ? 

14£. There is a well whoso (sectional) area happens to ho 
regularly oiroular. The (diameter of the) top (sectional aroa) is 
20 dandas , and that of the bottom (sectional area) is only 16 
da/ndas. The depth is 12 dandas. What may bo the karmdntika , 
the ctoMrfra, and the acourate cubical measures hero P 

15£. In relation to (an excavation whose sectional area happens 
to be) a longish quadrilateral figure (*.«., oblong), tho length at tho 
top is 60 (< hastas ), tho breadth is 12 (/mtux) ; at tho bottom, these 
are (respectively) half (of what they mcasuro at tho top). Tho 
depth is 8 (/ lastas ). What is tho cubical measure here P 

16J. (Here is another well of tho samo kind), tho longtha (of 
whose sectional areas) at the top, at the middle, and at tho bottom 
are (respectively) 90, 80, and 70 (hastas), and tho breadths are 
(respectively) 32, 16, and 10 hastas. This is 7 (hastas) in depth. 
(Find out the required cubical mcasuro.) 

17£. In relation to (an excavation whoso sectional area happens 
to be) a regular oircle, the diameter at the mouth is 60 (hastas), in 
the middle 30 (hastas), and at tho bottom 15 (hastas). Tho depth 
is 16 hastas. What is tho calculated rosult giving its oubioal 
measure P 

1 8J. In relation to (an excavation whoso sectional area happens 
to be) a triangle, each of tho three sides measures 80 hastas at tho 
top, 60 hastas in the middle, and 50 hastas at tho bottom. The 
depth is 9 hastas. What is the calculated result giving its cubical 
oontents? 

The rule for arriving at the value of the cubical oontents of a 
ditch, as also for arriving at tho valuo of tho cubical contents 
of an excavation having in tho middle (of it) a tapering pro- 
jection (of solid earth) 

19J-20J. The breadth (of the central mass) increased by the 
top-breadth of the surrounding ditch, and (then) multiplied by 

These stansas deal with the measurement of the cubic content# of 
a ditch dug round a osntral mast of earth of any ahapq. The centaal 
mass may be in section a square, a rectangle, an equilateral triantfte, or a oircle j 
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t%m> gives rife to the value of the (required) perimeter in the 
oase of triangular and circular exoavations. In the oase of a 
quadrilateral excavation, (this same value of the required peri- 
meter results) by multiplying the quantity four (with the value of 
the breadth as before) . 

In the case of excavations having central masses tapering up- 
wards or downwards the operation (for Karmdntfcaphcla) h (to 
add the value of) half the breadth of the excavation to (that of 
the breadth of) the central mass, and (for Aundraphala ), to add 
(the value of) the breadth (of the exoavation to the value of the 
breadth of the oentral mass) ; then (the prooedure is) as (given) 
before. 


Examples in illustration thereof. 

21£. The already mentioned trilateral, quadrilateral, and 
oircular (areas) have ditohes thrown round them. The breadth 
measures 80 dawfas , and the ditches are as much as 4 ( dandas ) 
in breadth, and 3 ( dandas ) in depth. (Find out the cubical 
oontents.) 


and the excavation may be of the fame width both at tho bottom and the top, 
or may be of diminishing: or increasing width. The rule enables us to find out 
tho total longth of the ditoh in all these cases. 

I. When the width of the ditch is uniform, the length of ditch = (<i + b) x 
3 in the oase of an equilateral triangular or ciroular ditch, where d is the 
measure of a Bide or of the diameter of tho oentral mass and b is the width of 
the ditoh : but this longth = (ri + b) x 4 in the case of a square oxoavation 
with a oentral mass, square in teotion. 

II. When the ditoh is tapering to a point at thelbottom or the top, the length 


of the ditoh for finding out the Karm&ntika-phala = + -- j X 3, or |d + 


x 4, according as the oentral mass (1) is in seotion trilateral or oiroular, or (2) 


square. 

Length of ditoh for finding out Autxfra-fhala = (<J + 5) x 8 and ( d + b) 
x 4 respectively. 

These expressions hare to be multiplied by half of the width of the ditoh and 
by ite depth for finding out the respective oubical pAafeu. The formulae given 
above in relation to triangular and oiroular excavations give only approximate 
results. Whh the aid of the total length of the ditoh so obtained, the onbical 
oontents are found out in the oase of ditohes wj^h lloping sides by applying 
t& ml# given in stances 8 to III above. 
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22J. The length of a longish quadrilateral is 120 (dandas) and 
the breadth is 40. The ditch around is as big as 4 dawfa s in breadth 
and 3 in depth. (Find out the cubioal contents.) 

The rule for arriving at tho value of the oubioal oontents 
of an excavation, when the depth of the excavation varies (at 
various points), and also for arriving, when tho cubioal contents 
of an excavation are known 3 at the depth of digging neoeesary in 
tho case of another (known) area (so that the cubical contents may 
be the same) : — 

23|. The sum of the depths (measured in different places) is 
divided by the number of placos ; this gives rise to the (avorago) 
depth. This multiplied by the top area (of tho oxeavation) gives 
rise to the (required) cubical contents of tho excavation in tho case 
where that area is trilateral, quadrilateral or circular. Tho cubioal 
contents (of a given exoavation), when divided by the (known) 
value of another area, gives rise to tho dopth (to whioh thorcfshould 
be digging, bo that the resulting cubical oontents may he the 
same). 

Examples in illustration thereof. 

24 In an equilateral quadrilateral field, the ground covered by 
which has an extent measured by 4 haytas (in length and breadth), 
the excavations are (in depth) 1, 2, 3, and 4 hast as (in four different 
cases). What is the measure of the average depth (of the 
excavations) ? 

25J. There is a well with an equilateral quadrilateral section, 
the sides whereof are 18 hastas in measure; its*dopth is \ hastas. 
With the water of this (well), another well measuring 9 hastas at 
eaoh of tho sides (of the section) is filled. What is the depth 
(of this other well) ? 

When the measures of tho sides of tho top (sectional area) and 
also of the bottom (sectional area) are known, and when the 

2ty. Yor finding out tho total fength of the sorroimdinK ditch when th«. 
central m»M of earth i* rectangular in section, the messnres of the sides M 
increased by the width or half the width of the ditch are added togethy, 
according m the KaimdnUk* or the Anftfra result is required. - * 
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measure of the depth also is known, in relation to a certain given 
excavation, the role for arriving at the value of the sides (of 
the resulting’ bottom section) at any optionally given depth, 
and also for arriving at the (resulting) depth (of the excavation) 
if tbe bottom is reduced to a mere point : — 

26£. The product resulting from multiplying the (given) depth 
with (the given measure of a side at the) top, when divided by 
the difference between the measures of the top side and the bottom 
side gives rise here to tbe (required) depth (when the bottom is) 
made to end in a point. The depth measured (from the pointed 
bottom) upwards (to the position required) multiplied by (the 
moft8ure of the side at) tho top and (then) divided by the sum of 
the side measure, if any, at the pointed bottom and the (total) 
depth (from the top to the pointed bottom), gives rise to tho side 
measure (of tho excavation at the required depth). 

An example in illustration thereof. 

27 J-. There is a well with an equilateral quadrilateral section. 
The (side) measure at the top is 20 and at the bottom 14. The 
depth given in tho beginning is 9. (This depth has to be) further 
(oarried) down by 3. What will be the side value (of the bottom 
here) P What is the measure of tho depth, (if the bottom is) made 
to end in a point P 


26$. Tim problem* contemplated in this stansa are (a) to find out the full 
latitude of au inverted pyramid or oone and (b) to find out tho dimension* 
of the cross seotion thereof at a desired level, when the altitude and the 
dimeniiouB of the top and bottom surfaces of a truncated pyramid or oone 
are given. 1 If, in atrunoated pyramid with square base, a is the measure of a 
side of the base and 6 that of a side of the top surface and A the height, then 
aoook ding to the rule given here, H taken as the height of the whole pyramid 


a x h 


» and the treasure of a side of the cross sectun of the pyramid at any 


given height represented by h l — a A 1 . ) . 

H 

These formulas are applicable in the case of a oone as well. In tho role the 
measure of the side of section forming the pointed \ art of the pyramid is required 
to be added to H, the denominator in the seoond formula, for the reason that in 
some oases the pyramid may not actually end in a point. Where, however , it 
d<4ft« end in a point, t^e value of this side has to bJ aero os a matter of oonne. 
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The role lor arriving *t the value of the oubioal contents of a 
spherioally bounded space 

28}. The half of the cube of half the diameter, multiplied 
by nine , gives the approximate value of the oubioal oontents of a 
sphere. This (approximate value), multiplied by nine and divided 
by ten on neglecting the remainder, gives rise to the accurate 
value of the cubical measure. 

An example in illustration thereof. 

29}. In the oase of a sphere measuring 16 in diameter, calcu- 
late and tell me what the approximate value of (its) oubioal mea- 
sure is, and also the acourate measuro (thereof). 

The rule for arriving at the approximate value as well as the 
accurate value of the cubical oonteDts of an excavation in the 
form of a triangular pyramid, (the height whereof is taken to be 
eqaal to the length of one of the sides of tho equilateral triangle 
forming the base) 

30}. The oube of half the square of the side (of the basal 
equilateral triangle) is multiplied by ten ; and the square root (of 
the resulting product is) divided by nine. This givos rise to the 
approximately calculated value (required). (This approximate) 
value, when multiplied by three and divided by the square root of 


28J. The volume of a sphere as given hero is (1) approximately— * 

and (2) aoourately— /.1\ * Tho correct formula for the oobi- 

2 V 2 / 2 10 

eaioemtente of a sphere is 1 *■ r*; and thin beoomes comparable with the 
3 » 

above value, if » is taken to be y 1U. Both the M88. read 

m a k inglt appear that the accurate value is of the approximate 

value j but the text adopted is WJ®! which makes the accurate value 

0 

j-j of the approximate one. It is easy to see that this jive* a more accurate 

result in regard to the measore of the cubical oontents of a sphere than the other 
reading. 

90*. Algebraically represented 4 he approximate value of the cnbioal 

a* 

oontents of a triangular pyramid aocording to the rule oome* to — a V*, 

tf.A, %■ x V??} and the accurate value beoomes equal to * - x;yje* where# 
19 9 * 

M 



206 


GANITAsIRASANGBAHA. 


ten, gives rise to the accurately oaloulated cubical contents of the 
pyramidal excavation. 

An example in illustration thereof . 

31£. Calculate and say what the approximate Y&lae and the 
acourate value of the cubical measure of a triangular pyramid are, 
the side of the (basal) triangle whereof is 0 in length. 

When the pipes leading into a well are (all) open, the rule 
for arriving at the value of the time taken to fill the well with 
water, when any number of optionally chosen pipes are together 
(allowed to fill the well). 

32f-33. (The number one representing) eaoh of the pipes is 
divided by the time corresponding to eaoh of them (separately) ; 
and (the resulting quotients represented as fractions) are reduced 
so as to have a common denominator ; one divided by the sum of 
these (fractions with the common denominator) gives the fraction 
of the day (within whioh the well would become filled) by all the 
pipes (pouring in their water) together. Those (fractions with the 
common denominator) multiplied by this resulting fraotion of the 
day give rise to the measures of the flow of water (separately 
through eaoh of the various pipes) into that well. 


An example in illustration thereof. 

3 1 . There are 4 pipes (leading into a well). Among them, 
each fills the well (in order) in J, | of a day. In how 
muoh of a day will all of them (together fill the well, and each of 
them to what extent) f 

In the Fourth Subjeot of Treatment named Rule of Three, «n 
example (like this) has (already) been given merely a a a hint ; the 


« give* the measure of the altitude of the pyramid a* also of a side of the basal 
equilateral triangle. 

It may be easily seen that both these values are somewhst wide of the mark, 
% and that the given approximate value is dfcarer the correct value that the 
so-oalled aoourstd value. 
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subject (of that example) is expanded here and is given out in 

detail 

35-36. There is at the foot of a hill a well of an oquilaterally 
quadrilateral seotion measuring 9 hastas in eaoh of tho (three) 
dimensions. From the top of the hill there runs a water ohau- 
uel, the section whereof is (uniformly) an equilateral quadri- 
lateral having 1 angula for tho measure of a side. (As soon as the 
water flowing through that channel begins to fall into tho well), 
the stream is broken off at tho top ; and (yet), with it (that well) 
becomes filled in with water. Tell mo the height of the hill and 
also the measure of the water in the well. 

37-88J, There is at the foot of a hill a well of an oquilaterally 
quadrilateral section measuring 9 hast as in eaoh of tho (three) 
dimensions. From the top of tho hill, there runs a water ohannol, 
(the seotion whereof is throughout)a circle of languid in diameter. 
As soon as the water (flowing through the channel) begins fall 
into the well, the stream is broken off at the top. With the 
water filling the whole of the channel, that woll becomes 
filled. 0 friend, caloulate and tell mo the height of tho mountain 
and also the measure of the water. 

89}-40f There is at the foot of a hill a well of an 
equilaterally quadrilateral section measuring 9 luistas in (eaoh of 
the) three dimensions. From tho top of tho hill there runs a water 
obahnel, (the seotion whereof is throughout) triangular, oach side 
measuring 1 aftgula* As soon as the water (flowing through 
that-obannel) begins to fall into the well, the stream is broken off 
af the top. With the water (filling the whole of the channel) that 
(well) becomes filled. 0 friend, caloulate and tell (me) the height 
of the mountain and the measure of the water. 


U to 42$. The reference here is to the example given in stanza* ef 

chapter V-tide also the footnote thereunder. 

The volume of the eater is probsbly intended to be expressed in *dha». (Vul< 
th* table relating to this kind of volume measure in ilansas 30 to 3S, chapter 
I V It it stated la the Koaarete commentary that 1 oubio onfuto of wator is equal 
toi ftiOT*. Then aooording to the* table given in stanza 41 of chapter I, 4 
Hrtcs make one paJo ; according to stanza 44 in the same ohapfc* 12* pa/as 
one pres** j and stensas 30 to 87 therein give the mlation of the prosit 

to the «**«. • 
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41 J- 42 J. There is at the foot of a hill a well o^ an equilaterally 
quadrilateral section measuring 9 hastas in (eaoh of the) three 
dimensions. (From the top of the hill) there runs a water channel, 
(theseotion whereof is uniformly) 1 ahgula broad at the bottom, 1 
ahgula at (eaoh of ) the dug (side slopes), and 2 angulas in length 
(at the top). As soon as the water (flowing through that ohannel) 
begins to fall into the well, the stream is broken off at *ihe top. 
With the water (filling the whole of the ohannel) that well be- 
comes filled. What is the height of the hill and (what) the 
measure of the water ? 

Thus ends the seotion on accurate measurements in the cal- 
culations relating to exoavations. 


Calculations Relating to Files (of Bricks). 

Hereafter, in (this) chapter treating of operations relating to 
exoavations, we will expound oaloulations relating to (briok) 
piles. Here there is this convention (regarding the unit briok). 

43$. The (unit) briok is 1 hasta in length, half of that in 
breadth, and 4 ahgula* in thickness. With such (bricks all) 
operations are to be carried out. 

The rule for arriving at the oubioal contents of a given 
exoavation in a field and also at the number of brioks corresponding 
to the above oubioal contents. 

44*. The area at the mouth (of the exoavation) is multiplied 
by the depth ; this (resulting produot) is divided by the cubic 
measure of the (unit) briok. The quotient so obtained is to be 
understood as the (oubioal) measure of a (briok) pile ; that same 
(quotient) also happens to be the measure of the number of the 
brioks. 

Examples m illustration thereof* 

46*. There is a raised platform equilaterally quadrilateral (in 
section) haying a side measure of 8 hastas and a height of 9 

* r- ¥ r* 4 - 

1 4* The onbioftl measure of the briok pile here is evidently in terms of the 
unit briok. ' 
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hastas. That (platform) is built upofbriokB. Oyou who know 
oaloulation, say how many brioks there are (in it). 

48*. A raised platform, equilaterally triangular (in seotion), 
having 8 hastas (as its side measure), and 9 hastas as height, has 
been oonstruoted with the aforesaid bricks. Calculate and say how 
many brioks there are in this (structure). 

47f, A raised platform, oiroular in section, having a diameter 
of 8 hastas and a height of 9 hastas ,is built up with (the same 
aforesaid) brioks. 0 you who know calculation, say how many 
brioks there are in it. 

484. In the oase of (a raised platform having) an oblong 
(section), the length is 60 hastas, the breadth 25 hadas, and the 
height is 6 hastas. Give out iu this case the measure of that brick 
pile. 

494. A boundary wall is 7 hastas in thiokness, 24 hastas in 
length and 20 hastas in height. How many are the bricks used in 
building it P 

504. The thiokness of a bouudary wall is 6 hastas at the top and 
8 hades at the bottom ; its length is 24 hastas and height 20 hastas. 
How many are the bricks used in building it P 

514. (In the case of a raised sloping platform), the heights 
are (respectively) 12, 16 and 20 hastas (at three different points) ; 


604-614. In finding out the cubical contents of tbe wall, the average breadth 

calculated tooor* 
ding to the rule, 
given in the let* 
ter half of stsnsa 
4 above, is uned $ 
so the Karmin* 
txka value is 
taken into oon* 
■{deration here. 

51}. This 
sloping platform 
is bounded at it# 
two ends bjr two 
vertical planes, 
the top and the 
side sarfaets 
•!«»? ibsfeg 
•top&g. The top 
forms an imcHnad 
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the measures of the breadth at the bottom ar6 (respectively) 
7, 6 and 5, (the same) at the top being 4, 3 and 2 hastaa ; the 
length is 24 hastas. (Find out the number of brioks in the 
pile). 

The rule for arriving, in relation to a given raised platform 
(part of) which has fallen down, at the number of bricks found 
(intact) m the nnfallen (part) and also at the nftmber of 'brioks 
found in the fallen (part) : — 

62 4 . The difference between the top (breadth) and the bottom 
(breadth) is multiplied by the height of the fallen (portion) and 
divided by the whole height. (To the resulting quotient) the 
value of the top (breadth) is added. This gives rise to the 
measure of the basal breadth in relation to the upper (fallen 
portion) as well as to the top breadth in relation to the lower 
(intact portion). The remaining operation has been already 
described. 


An example in Muttra tton thereof. 

53J. (In relation to a raised platform), the length is 12 hattas 
the breadth at the bottom is 5 hattas, (the breadth) at the top is 
1 Aaatfa, and the height all through is 10 hattas . (A measure of) 
5 hastas (in height) of that (platform) gets broken down and falls. 
How many are those (unit) brioks there (in the broken and the 
unbroken parts of the platform) ? 

When a (high) fort-wall is broken down obliquely, the rule for 
arriving at the number of brioks whioh remain intact and of ttye 
hrickB that have fallen down 


plane, the breadth of whioh is 2 Aostas at the raisod end and 4 Aortas at the other 
end. Vide diagram in the margin of page 269. 

624. The measure of the top-breadth of the standing par of the platform - 
whioh it the same as the bottom-breadth of the fallen part of the platform 

algebraically ~ Q-j + b ; where a is the bottom-breadth, 6 is the top- 

breadth, A the total height and d the height of the fallen part of the raised 
platform. 'I his formula can be easily shown to be oorreoi by applying the 
properties of similar triangles. * . . „ M i 

‘ The operation referred to in the rule as having been already described is what 
la given in stansa 4 above. 
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54$. The bottom (breadth) and the top (breadth) are (each) 
doubled. To these are added (respectively) the top (breadth) and 
the bottom (breadth). The (resulting) quantities are (respectively ) 
increased and decreased by the height (above the ground) of the 
unbroken (part of the wall) ; and (then the quantities so obtained) 
are multiplied by the length and also by the sixth part of the 
(totftty height., (Thus) the number of bricks intact and the 
number of bricks fallen off may be obtained in order. 

Example* in illustration thereof. 

55$. This high fort-wall (of measurements already given, 
struck by a cyolonicwind) has been (obliquely) from the bottom, 
broken down along the diagonal seotion. In relation thereto, 
how many are the bricks intact and the bricks fallen down ¥ 

56$. The same high fort-wall has been broken down by the 
cyolone obliquely after leaving over 1 hast a from the bottom. 
How many are the bricks that remain intact and how many the 
bricks that have fallen down ? 

The rule for arriving at the glowing number of layers (of 
brioks) in relation to the central height of a fort-wall, and 
(also) for arriving at the (rate of the) diminution of layers 

54,1 If a be the breadth at the bottom, b the breadth at the top, A the total 

" * . — I) height and /the 

/\f length of the 

wall, and d the 
height above 
the ground of 
the unbroken 
I -art of the wall 

theni- tin + A 
0 

+ d), and ~ (2A 

+ a-d) repre- 
sent the number 
of brick* Intaot 
nod the number 
of brick* fallen 

12 off * 

Th. Ago re lathe avpii .how. the well mentioned In et.n» Ml i end ABC® 
ndkftte the plane along which the wall fractured when it broke/ 
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(happening to be the diminution in breadth) on 'both the aides 
(of the wall in passing from below upwards) ; — 

57}. The height (of the oentral section) divided by the height 
of the given brick gives rise to the (required) measure of the 
layers (of bricks). This (number) is diminished by one and (then) 
divided by the difference between the top (breadth) and the 
bottom (breadth). The resulting quotient gives (in f itself) the 
value of the (rate of the) diminution (in breadth) measured in 
terras of the layers. 

Examples in illustration thereof. 

58}. The breadth of a high fort -wall is 7 haatas at the bottom 
Its height is 20 hastas. It is built so as to have 1 hasta (as 
its breadth) at the top. With the aid of brioks of 1 hasta in 
height, (find out) the (measure of the) growth of the (oentral) 
layers and of the (rate of) diminution (in the breadth). 

59} -60. In a regularly ciroular well, 4 hadas in diameter, a 
wall of 1} hastas in thickness is built all round by means of (the 
already mentioned typical) bricks. The depth of that (well) is 3 
hastas. If you know, calculate and tell me, 0 friend, how many 
are the bricks used in the building. 

In relation to a structure built of brioks (around a plaoe), the 
rule for arriving at the value of the cubical contents (of that 
structure), when the breadth at the bottom (of the structure) is 
given and also the breadth at the top : — 

61. Twice the (average) thiokness of the structure has added to 
it the given length and the breadth (of the plaoe). The sum (so 
obtained) is doubled, and the result is the (total) length (of the 
structure when it is) in (the form of) an oblong. This (resulting 
quantity), multiplied by the (given) height and the (already men- 
tioned average) thiokness, gives rise to the (required) oubioal 
measure). 


69}-6G. The bricks contemplated here is the unit brick mentioned in stani* 
481 above This problem does not illustrate the rale given above in stan*a67|, 
bat it hti to be worked aooording to the rales gyah in stanxas 19i-20} and 44| 
of'^his chapter. 
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Aft example in illustration thweof . 

62. In relation to the (place known) as vidyadhara-naghara t the 
breadth is 8, and the length is 12. The thickness of the sur- 
rounding wall is 5 at the bottom and 1 at tho top. Its height 
is 10. (What is the cubic measure of this wall ?) 

Thus^ends (the seotion on) the measurement of (brick) piles in 
the operations relating to excavations. 

Hereafter, we shall expound the operations relating to the 
work done with saws (in sawing wood). The definitions of terms 
in relation thereto are as follow 

63. Two hastae less by six ahgula * is what is called a kipku. 
The number measuring the courses of cutting from tho beginning 
to the end of a given (log of wood) has the name of mdrga (or 
way). 

64-66. Then, in relation to collections (of logs) of wood of not 
less than two varieties, consisting of teak logs and other such logs 
hereafter to be mentioned, the number of unguhe measuring the 
breadth, and those measuring tho longt.li, and the number of 
mdrgae are (all three) multiplied together. The resulting product 
is divided by the square of the number of anguine found in a 
haeta. In operations relating to saw-work, this gives rino to a 
valuation (of the work as measured) in (what is known as) 
pattikfo. In relation to logs (of wood) consisting of teak logs and 
other such logs, the number of hastne measuring the breadth and 
of those measuring the length are multiplied with each other, 
and (then) multiplied by the number of nnhga*, and (thereafter) 
divided by the pattikd e as above determined ; this gives rise to 
the numerical measure of tho work done bv means of the saw. 


08 to 67$. Kifku = 1$ hasta. Mdrga it the name given to any deaired 
ooura* or line of sawing in a log of wood. The extent of the out surface in a 
log of wood measure* ordinarily the work don* in sawing it provided that the 
wood is of a definite hardness assumed to be of antt valae. This extent of tho 
cut surface it measured by mean* of a special unit area which is called a 
pcffilti and is 96 cAjmJo* in length And one kifku or A3 ongul coin brsadth, It is # 
mm to tee that a patfikt is thus equal to seven square hatUu. 

• OK 
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07-07^. In relation to (logs of wood obtained ftom) trees named 

arjunajamla-vttaeay sarala, asita , sarja and dunduka, and also 
(in relation to varieties of wood) named triparni and plak$a> the 
marga is 1 in eaoh case, the length is 90 ahgulas y and the breadth 
is 1 kipku (for arriving at the measure of a patfikd). 

An example in illustration thereof. , « 

68|-. In relation to a log of teak wood, the length is 16 hattas, 
the breadth is 3£ hcstas and the mdrgas (or saw-oourses) are 8 
in number. How many are (the units of saw-work) done here ? 

Thus ends the section on saw-work in the (ohapter on) 
operations relating to exoavations. 

Thus ends the seventh subject of treatment known 
as Operations relating to Excavations in Sarasahgraha, 
which is a work on arithmetic by Mahaviracarya. 
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CHAPTER IX. 

CALCULATIONS RELATING TO SHADOWS. 

L ThafcJioa, fenti, who bestows peaoo upon people, is the 
lord of the world, knows all beings, and is (ever) growing in 
influence through, his eight miraoulous powers— to him, who has 
vanquished the hosts of his enemies, I bow in salutation. 

In the beginning, we shall give out the means of determining 
the eight directions commencing with the oast. 

2. On an even ground-surface whioh is (a horizontal plane) like 
the upper surface of water, a (perfectly) round oirelo should be 
drawn with the aid of a looped string having twioe the length 
of an optionally chosen style (fixod in the oentre). 

3. The shadow of that optionally chosen stylo fixed in the 
centre of that oirole touches the (circumferential) line of that oirole 
at the beginning of the day aB also at the time forming the close 
of the day. By this, the western direction and tho eastern direc- 
tion are pointed out in order. 

4. By means of the string running in the line of these two 
(ascertained) directions, a fish- shaped figure (or luno) should be 


4. The airing with the aid of 
wbioh the fish-shaped figure is drawn 
should be longer than the radius of 
the oirole drawn aooording to stanza 
t above. If OE and OW in the 
annexed diagram represent the 
eastern and the western directions, 
FP8K will be the luoe drawn by 
describing two oiroles with centres 
respectively at E and W and with 
XR and WP as equal radii. The 
line N8 catting the angles of the Inne 
marks the northern and the southern 
directions. 
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drawn which will extend from north to south. 'The straight line 
running through the middle of the angles of this (fish-shaped 
figure) represents of itself the northern and the southern direc- 
tions. The intermediate directions have to he ascertained as being 
derivable from half the (interspace between these) directions. 

4£. The (measure of the) equinootial shadow is indeed half of 
the sum of the measures of the shadows obtained at the tftiddle of 
the day-time (or noon) on days when the sun enters the sign of 
Aries as also the sign of Libra. 

5J. In Lanka, Yavakoti, Siddhapurl, and Bdmakapuri, there 
is no (such) equinootial shadow at all ; and, therefore, the day-time 
is of 30 ghaUs, 

0£. In other regions, the day-time happens to be longer or 
shorter by 30 ghath, On the days of the entrance (of the sun) into 
Aries and into Libra, the day-time is everywhere of 30 ghath (in 
duration). 

7£. Having understood the measure of the duration of the day- 
time and also of the shadow at (noon or) the middle of the day 
according to the way described in astronomy, one should learn 
herein the calculations regarding shadows by means of the collec- 
tion of rules hereafter to be given. 

The rule for arriving at the time of day, on knowing the 
measure of the shadow of a given style at a given time (in the 
forenoon or afternoon) in relation to a place where there is no 
equinootial shadow : — 

8J. One is added to the measure of the shadow (expressed in 
terms of the height of an objeot), and (the sum so resulting) 

If a be the height of . the object and 9 the length of its shadow, 
than the time of the day that has elapsed or has to elapse is, aooording to the 

rule given here, equal to \ — i,#, 1 , where A is the angle repre- 

2(^ + l) 2 <°° tA+1 ) 

■eating the altitude of the sun at the time. It may be seen that this formula 
gives only the approximate value of the tftne of the day in all oases exoept 
when the altitude is 45', and that the approximation is very rough only in the 
case of large altitudes, nearing 90*. The fonunla seems to be baaed on the fact 
tjiat for sisall values the angles in a right-angled triangle are approximately 
proportional to the opposite sides. 



* CHAPTER IX — CALCULATIONS RELATING TO SHADOWS. 277 

is doubled ; with the (resulting) quantity the measure of the 
(whole) day-time is divided. It should be made out that this 
gites rise, acoording to the mathematical work (known as) S&ra- 
sangraha, to the portion of the day elapsed in the forenoon and 
also to the portion of the day remaining in the afternoon. 

• • . -4n example in illustration thereof. 

9|. The (length of the) shadow of a man is 3 timos (his 
height). Say, dear friend, what portion of the day has gone in the 
forenoon, or what portion of the day remains in the afternoon. 

The rule for arriving at the (corresponding number of) ghatis, 
when the portion of the day (elapsed or to elapse) has been arrived 
at (already). 

10J. The (known) measure of (the duration of) tho day multi- 
plied by the numerator and divided by tho denominator^of the 
fraction representing tho (already arrived at) portion of the day 
(elapsed or to elapse) gives rise to tho ghafk elapsed iu relation 
to the forenoon, and to the ghatk to elapse in relation to the 
afternoon. 


An example in illustration thereof. 

11J. In a region without the equinoctioal shadow, J part of 
the day has elapsed ; (or in relation to the afternoon), the 
remaining portion (of the day which has to olapse) is also What 
are the ghatis (corresponding to this } portion) P There are, (it 
may be taken), 30 ghatis in a day. * 

The rule for arriving at the time taken up by a prize-fight 
between gymnasts. 

12J. The day diminished by the sum of the portion of the day 
elapsed and of the portion (thereof) remaining to elapse, when 
brought into the form of time (measured by ghatis), gives rise to 

the (required duration of) time. 

* 

The measure of the shadow of a pillar divided by the measure 
ef (the height of) the pillar gives rise to the measure of the 
shadow of a man (in terms of his own height). 
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An example in illustration thereof '/ 

13|. A prize-fight between gymnasts began in the forenoon, 
when the shadow was equal in measure to the style. (Its) 
conclusion took place in the afternoon, when (the measure of the 
shadow was) twice (that of the style). What is the duration of 
the fight P 

* i 1 

An example in illustration (of the rule) in the latter half 
(of the stanza ). 

14$. The shadow of -a pillar, 12 hasias (in height), is 24 hastas 
in measure. At that time, 0 arithmetioian, of what measure will 
the human shadow be P 

The rule for arriving, at the period (of the day elapsed or to 
elapse), in places having the equinoctial shadow, when the measure 
of the shadow at any time is known 

15$. To the measure of the known shadow (of the style) 
the measure of the style iB added ; (this sum is) diminished 
by the measure of the equinoctial shadow, and (the resulting 
difference is) doubled. The measure of the style divided by the 
quantity (so arrived at) givos rise to tho value of the portion of the 
day (elapsed) in the forenoon, or (to elapse) in the afternoon, (as 
the oase may be). 

An example in illustration thereof. 

1G$-17. In the case of a style of 12 ahgulas, the (equinoctial) 
noon-shadow iB 2 ahgulaSy and the known shadow (at the tim&ftf 
observation) is 8 a hgulas. What portion of the day is gone, or 
what portion (yet) remains P If the portion of the day (elapsed 
or to elapse) happens to be $, what are the ghafis (corresponding 
to it), the duration of the day being 30 ghafis ? 


ISt. Algebraically the formula given here for the measure of the time of the 
dey i* where « is the length of the equinoctial shadow of the 

atylat < The formula is obviously based on the fdtaula given In the note to the 
tfS+fai stanea 8$ above. 
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• The role for* arriving at the measure of the shadow correspond- 
ing to a time (of day) given in ghatis. 

18. The measure of the style is divided by twice the measure 
of the (given) portion of the day ; (from the resulting quotient) 
the measure of the style is subtracted, and (to it) the (equinoctial) 
noon-shadow is added. This gives rise to the measure of the 
shadow at the required time of day. • 

. An example in illustration thereof, 

19. If, in the case of a style of 12 ahgulas, the (equinoctial) 
shadow is 2 ahgulas , what is the measure of the shodow (of the 
style) at a time when iO ghatis have elapsed or have to elapso, 
the duration of the day-time being 30 g hafts ? 

The definition of the measure of a man’s foot in relation to 
measurements carried out by means of tbo foot-measure as involvod 
in the shadow. 

20. One seventh of the height of a person happens to be the 
length of that person’s foot. If this be so, that perKm shall ho 
fortunate. (Thus) the measure of the shadow in terms of the foot- 
measure is obvious. 

The rule for arriving at the numerical measure of tho shadow 
which has asoended up (a perpendicular wall). 

21. (The height of) the style is multiplied by the measuroof tho 
human shadow (in terms of the man’s height). The ^resulting) 


16. Algebraically 

I--JL a + <• , where <j it tho measure of the time of 

2y 

the day »a 9 hafts. This formula may be men to follow fr**M that given in the 
note to stanta 161 »bove. 

- ~ 1 - c 

» where 


21. AJgobraioally, 6= 



i« the altitude of the shadow- 
casting style, h tho height 
of the shadow on the wall, b 
the measure of the human 
shadow in terms of the man's 
height, and e the distance bo- 
tween tbs pillar and the wall. 
The diagram here given eluci- 
dates the rule. It has to bo 
noted hero that the distance 
between the jailer and tlut wall 
has to bo mrsiar*d along#* h« 


tip* of tbs shadow whioh is cast in funljght, 
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product ia diminished by the measure of the internal between the 
wall and the style. The difference (so obtained) is divided by the 
very measure of the human shadow (referred to above). The 
quotient so obtained happens to be the measure of (that portion 
of) the style's shadow whioh is ou the wall. 

Anexampk in illustration thereof, , , * 

22. A pillar is 20 hastas (in height) ; the interval b 3 tween 
(this) pillar and the wall (on which its shadow falls) is 8 hastas. 
The human shadow (at the time) is twice (the man's height). 
What is the measure of (that portion of) the pillar-shadow whioh 
is on the wall ? 

The rule for arriving at the numerical value of the measure- 
ment of the interspace between a wall and a pillar, when the 
height of the pillar and the numerical value of (that portion of) 
the shadow thereof whioh has fallen upon the wall are (both) 
known. 

23. The difference between the height of a pillar and that 
(of its shadow) oast on (§ wall), multiplied by the measure of the 
human shadow (in terms of the man's height), gives rise to the 
measure of the interspace between that (pillar) and that (wall). 
This value of the interspace divided by the difference between the 
height of the pillar and that of (the portion of) the shadow thereof 
oast on (the wall), gives rise to the measure of the human 
shadow (in terms of the man's height). 


An example in illustration thereof 

24. A pillar is 20 hastas (in height) ; and the (portion of its) 
shadow on a wall is 16 (hastas in height). The hnman shadow (at 
the time) is twice (the hnman height). What may be the measure 
of the interspace between the pillar and the wall f 


S3, Thi« rale and the one in «Un» 36 following give the converse esses of 
thsVtto in stems $1 above, 
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An exempli in illustration of the (rule in the) latter half 
(of the stanza). 

25. A pillar is 20 kastas (in height) and the (portion of its) sha- 
dow on a wall is 16 ( hastas in height). The moasure of the inter- 
space between the wall and the pillar is 8 {hastas). What is the 
measure of the human shadow (in terms of the man’s height) P 

Tho # rule Tor driving at the numerical value of yie height of 
a pillar, when the numerical measure of the (portion of its; shadow 
oast on (a wall and the measure of the interspace between (that) 
pillar and (that) wall, and also tho human shadow (in terms of 
the human height) are known. 

26. Tho measure of the (pillar-shadow) cast on (the wall) is 
multiplied by the measure of tho human shadow (in terms of the 
human height) ; and to this product tho measure cf tho interspace 
between the pillar and the wall is added Tho quotient obtained 
by dividing (tho sum so resulting) by tho measure of the human 
shadow (in terms of the human height) is made out by the wise 
to be the moasuro (of tho height) relating to the pillar. 

An example in illustration thereof. 

27. The measure of (the height of the portion of) the pillar- 
shadow oast on the wall is 16 (hastas). The value of tho human 
shadow (at the time) is only twice (the human height). Tho 
measure of the interspace between tho wall and the pillar being 8 
(hastas) } what is the height of the pillar ? 

The rule for separating the measure (of the height) of the 
style and tho measure of (the length of) the shadow of tho style 
from (their given) combined sura 

28. The combined sum of the measure of tho stylo and the 
measuro of the shadow (thereof), when divided by the measuro of 
the human •hadow (in terms of the human height) as increased 
by one, gives rise to the measuro of the height of tho style. The 
measure of the shadow of tho style is of course the (given) 
combined Bum diminished by this (measure of the stylo). 


26. rid* not* under atanaft 23 above. 

28 and 80. The rule* here gii en are baaed on 

si the nun 1H above. • 


tho rule hUUkI in the latter hell* 


86 
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An example in illustration thereof. 

29. The combined sum of the (height) measure of the style 
and the (length) measure of its shadow is 50. What may be the 
height of the style, the human shadow being (at the time) 4 times 
(the human height) P 

The rule for separating the (length) measure of the shadow 
of the stylo ^nd the measure of the human shadow '(in tbrms of 
the human height) from (their) oombined sum : — 

30. The oombined sum of the measures of the shadows of a 
style and of a man is divided by the (known height) measure of 
the style as increased by one. The quotient (so obtained) is the 
measure of the human shadow (in terms of the humau height). 
The combined sum (above-mentioned) as diminished by this 
(measure of the human shadow) gives rise to (the length-measure 
of) the shadow of tho style. 

An example in illustration thereof. 

31. Tho height of a style is 10. The sum of the human 
shadow (in terms of the human height) and (the length of) the 
shadow of the style is 55. How much is tho measure of the 
human shadow (in terms of the human height and how muoh is 
the length of the shadow of the style) P 

The rule for arriving at tho measuro of tho inclination of a 
pillar (or vertical style) : — 

32-33. Tho product of the square of the human shadow and 
tho square (of the height) of the style is to be subtracted from tho 


82-83. Let AB represent the position of a slanting pillar, and AC its shadow ; 
and let AD be the same pillar in the vertical D K 

AE 

position and AE its shadow. Then — - 

is equal t.o the ratio of the shadow of a 
roan to hia height at the timo ; and let this 
ratio be r. BO, the perpendioular from 
B on AD, represents the amount of 
slanting of the pillar, AB. It oan bo easily 

.hown that Vj PrM ?- ^ = 1 


JFrom 
BG = 


AU - BG 
this it oan be 
* AC - Vac 1 - (AC* 


that 



r* + l 


-AB 1 x r*) (r* +1). ,, 

, — L± > The rule hare gives this 


same formula. 
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square of the (given) shadow. This (remainder) is to be multi- 
plied by the sum of the square of the human shadow and one, 
(The quantity so arrived at) is to be subtracted from the square 
of the (given) shadow. The square root of this (resulting remain- 
der) is to be subtracted from the (given) measure of the shadow ; 
and, when (the quantity thus obtained is) divided by (the sum of) 
one and the* square of the human shadow, there results exactly 
the measure of the inclination of the pillar. 

An example in illustration thereof, 

34. The human shadow (at the time) is twioo (the human 
height). Tho shadow of a pillar, 13 hastas in height, is 29 {hastas), 
What is the measure of the slanting of the pillar horo? 

{General Examples), 

35-37J. A certain prince, staying in tho interior of a palace, 
was, (at a certain moment) in theooufso ol a forenoon, desirous of 
knowing the time elapsed in the course of tho day, as also the 
measure of the human shadow (in terms of tho human height). 
Then, the light of tho sun coming through a window at a height of 
32 hastas in the middle of the eastern wall fell at a place on tho 
western wall at the height of 29 hastas. The distance between 
those two walls is 24 hastas. 0 mathematician, if you have taken 
pains (to acquaint yourself) with shadow-problems, calculate and 
give out the measure of the time elapsed then, on that day, and 
also the measure of the human shadow (at that Lmo in terms of 
the human height). « 

38-J-*39|. At the time when, in the course of a forenoon, tho 
human shadow is twice the human height, what, in relation to a 
(vertical excavation of) square (section) measuring 10 hasta * in each 
dimension, will be the height of the shadow on the western 
wall caused by the eastern wall (thereof) ? 0 mathematician, 
give out, if you know, how you may arrive at tho value of the 
ihadow that has ascended up (a perpendicular wall). 

35-871. Thi» example bear* on the rule* giren in stanza* 8$ and 23 above. 

S6|-3&i* Thi* example ha* to be worked out according to the fnle givenin 
itenta II above. # 
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The rule for arriving at the shadow of a style due to (the 
light of) a lamp 

40|. The height of the lamp as diminished by the height 
of the style is divided by the height of the style. If, by 
means of the quotient so obtained, the (horizontal) distanoe between 
the lamp and the style is divided, the measure of the shadow of 
the style is arrived at. „ , c 

An example in illustration thereof. 

41 42. The (horizontal) distance between a style and a lamp 
is in fact 96 ahgulas. The height of the flame of the lamp (above 
the floor) is 60 ( ahgulas ). 0 you who have gono to the other 
shore of the ocean of calculation, tell me quickly the measure of 
the shadow due to the flame of the lamp, in relation to a style 
which is 12 ahgulas (in height). 

The rule for arriving at the (horizontal) distance between the 
lamp and the style : — 

43. The height of the lamp (above the floor) is diminished by 
tho height of . the style. The (resulting) quantity is divided by the 
height of the style. The measure of the shadow of the style, on 
being multiplied by tho quotient so obtained, gives rise to the 
(horizontal) measure of the intervening distanoe between the style 
and the lamp. 

An example tn illustration thereof. 

44. The shadow of the style is 8 ahgulas (in length). The 
height of the flame of the lamp (above the floor) is 60 {ahgulas). 

40|. Algebraically Etated tho rule 
is— 

a = c - } where 3 is the length 
a 

of th«* shadow of the style whose ^ 
height is represented by a, 6 is tho 
height of the lamp above the ground, 
and^the horitontal distanoe between 
tfie lamp and the style. The formula 
may be seen to be correct by means 
of the diagram here given. 

48. Using the same symbols, c *= s x 
r * 

44. The given measure of the height of the style is 18 tide stum 

46-47 below. 
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0 yon who have gone to the other shore of the ocean of calculation, 
say what (the measure of) the intervening horizontal distauoe is 
between the style and the lamp. 

The rule for arriving at the numerical measure of the height 
of the lamp (above the floor) : — 

45. The measure of the (horizontal) distance between fho lamp 
and the sty to is "divided by the shadow of the style. (Then) one 
is added (to the resulting quotient). The quantity so obtained, on 
being multiplied by the measure of the height of the style, gives 
rise to the measure of the height of the lamp (above the floor). 

An example in illustration thereof. 

40-47. The (length of tho) shadow of tho Stylo is oiaotly 
twice (its height). The measure of the intervening (horizontal) 
distance between the style and the lamp is 200 ariyula*. JVhat 
is the measure of the height of tho lamp (above tho floor) in 
this case P Here and also in tho foregoing.example, the measure 
of the height of the style has to be understood as consisting of 12 
angula8 y and then the way in which the meaning of the rule works 
out is to be learnt well. 

The rule for arriving at the numerical moasuro of tho height of 
a tree, when the measure (of the length) of tho shadow of a man in 
terms of (his) foot and. the measure of tho length of the shadow of 
the tree in terms of the measure of that same foot are known ; as 
also for arriving at the numerical measure (of the length) of the 
shadow of the tree in terms of that same foot-mtfasure, when the 
numerical measure of the height of the tree and the numerical 
measure (of the length) of the shadow of a man in terms of (his) 
foot are known : — 

48. The measure (of the length) of tho shadow of the tree 
chosen by a person is divided by (the foot-measure of the length 

45. Similarly, b *= ( ~ + l) «. • 

48. Tbit deals with a oonverie case of the role given in the latter half of 
rtaasa 124 above. The relation between the height of a man and his foot- measure 
fai nttUaed in the statement of the role as given here. 
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of) his own shadow, and then it is multiplied by seven : this gives 
rise to the height of the tree. This (height of the tree) divided 
by seven and multiplied by the foot-measure of Lis shadow surely 
gives rise to the measure (of the length) of the shadow of the tree 
exaotly. 

An example in illustration thereof, 

• * * 

49. The foot-measuro (of the length) of one’s own shadow is 4. 
The (length of the) shadow of a tree is 100 in terms of the (same) 
foot-measure. Say what the height of that tree iB in terms of the 
measure of one’s own foot. 

An example for arriving at the numerical measure of the shadow 
of a tree. 

50. The measure (of the length) of one’s own shadow (at the 
timel is 4 times the measure of (one’s own) foot. The height of 
a tree is 175 (in terms of suoh a foot-measure). What is the 
measure of the shadow of the tree then P 

51-52 J. After going over (a distance of) 8 yojanas (to the 
east) of a city, there is a hill of 10 yojanas in height. In the city 
also there is a hill of 10 yojanas in height. After going over (a 
distance of) 80 yojanas (from the) eastern hill to the west, there is 
another hill. Lights on the top of this (last mentioned hill) 
are seen at nights by the inhabitants of tho city. The shadow of 
the hill lying at the oentre of the city touches the base of the 
eastern hill. Give out quickly, O mathematician, what the height 
of this (western) hill is. 

Th us ends the eighth subject of treatment, known 
as Calculations relating to shadows, in Sarasahgraha, 
which is a work on arithmetic by Mahaviricirya. 

SO BND8 TBI8 8 ARA SANGR A EA . 

61-621. This example it intended to illnttrate the rule given in atansa 46 
above. « 
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SANSKRIT WORDS DENOTING NUMBERS WITH THEIR 

’ordinary and numerical significations. 


Nfty 

... The eye 

2 

Nffcr 

... Fire 

3 


... Number 

9 

NT 

An auxiliary divi 

(J 

sion or depart- 



ment. of science. 


NNc? 

A mountain ... 

7 


3TI% 

.. A mountain 

... 7 


The sky 

... 0 

mv • 

„ Fire 

... 3 


An aftny 

... 8 



. The sky 

... o 

Nfar 

The ooean 

... 4 

NWR! - 

The eye ... 

... 2 

TO - 

The *ky ... 

... o 

• 

wsfN - 

The ooean 

... 4 


, The ocean 

4 


Men have two oyos. 

The number of sacrificial tires is three, 
viz., and ^m. 

I here are only nine numerical figure* 
excluding the zero. 

There are six auxiliary department* of 
study in relation to the VAdas, vix., 

ftiqn. tot- Njm«r, fam?, 

8ev« n principal mountain* called JOWd- 
calas are recognised in the geography 
of the Furunas, vi/.., «rto,R<si sn, 

Tl fa tn, TtT'IUI. 

Vid« 

The sky isoonsidored to be void. 

Vide 

Thero are eight kinds of army mentioned 
in Sanskrit, vi*., f Tfn, 

am, TrfHf, ynr, 

Vide ajife?T. 

It, ia held that there are fonr ocean*, 
via., eastern, southern, western and 
northern. m 

rid '9rffy. 

Vide 3H??T. 

Vid* vfa*. 
v%d% atffcqr. 
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3f* - 

art** - 
arraira ... 
Vt 


n 

... 

V* 


Vi 


*« 


w 
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A horse 7 

Consisting of horse. 7 

The sky 0 

The sun 12 


The moon ... I 
The god Iudra ... 14> 


The horses of the Barfs chariot are sup- 
posed to be seven. 

Vide 3T3T. 

Vide 3TRT. 

The number of suns is reokoned to be 12 

corresponding to the 12 months of a 
year, via.i >*nj, to*, 

mm, 

1'IV and ffsg. They are called 

the twelve Adityas. 

We have only one moon. 

Fourteen hidras are usually reckoned at 
the rate of one Indra for each of the 


fourteen manvantara,9. 

An organ of 5 There aro five organs of sense, vis., nos#. 

gonBe tongue, eye, skin and ear. 

An elephant ... 8 Bight elephants are said to guard tbo eigh* 

cardinal points of the world. They are 


An arrow 


trrpw, jisftoij strain 

a "' 1 9^- 

5 The arrows of Manmatha or the Indian 
Cupid are declared to be five^ vis. 

«rcf!K, *raN>» 

and 


.. The eye 
The ocean 
. God Vi?uu 

A season 


The hand 
That which has to 
be done *. aa sot 
of devotion or 
austerity. 


% Vide^W- 

4 Kids 3ff***> 

n There arc said to be'nine Vitpu. corre- 
sponding to the nine past incarnations 

of vi*bu. 

ti There are, according t, Sanskrit liter- 
ature. six seasons in a yea r, **» * 

jfN, 

and 

2 Human beings have two hands. 

5 There are 5 rraloa or austerities to be 
observed according to the JainareB- 
gion, vis., VOW, «J"» 
and tfittHl" 
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... 

o 

Aii elephant 

8 

rid, pr. 

$4* ... 

Action : the effect 

8 

Acoording to Jainas there are eight 


of action as its 


kinds of karma, vis. 


karma. 


! TT% ) and 

.. 

. The moon 

l 

Tide^J, 


Attachment to 

4 

Acoording to tho Jaina religion there are 


wordly objects. 


four causes for such attachment, vis., 

Sfa, *TPT, AW, BPT. 

flTR^T 

The faces of Ku- 

fi 

This War-god is supposed to have sis 


mftra or tho 


faces. Of. 

^ .. 

Hind a war-god. 
A name of ViQpu. 

9 

Vide 

.. 

The moon ... 

1 

Vide 

* 

Bkj 

0 

Vide MHf-d. 

w 


6 


»PR ... 

Sky 

0 

Vide ^f^T. 

*nr 

Elephant 

8 

Vide 

«rffT ... 

Passage : pnssage 

4 

According io the Jaina religion sonls may 


into re <birtb. 


have four kinds of embodiment, vis., 




a» H faff, HJWl, SCK. 

m ... 

Monntain ... 

7 

Vide 

jh 

Quality 

a 

Primordial matter is said to have three 




‘qualities’, vie., 

Hf ... 

A planet 

9 

Nine planets are recognised in Hindu 




astronomy, viz., Mars, Moioury, Jupi- 
ter, Venus, Hatorn, ItAhu, KStu the 
Sun and the Moon. 

*93 ... 

The eye 

2 

Vide 

TO ... 

The moon 

1 

Vtde pj. 

tow ... 

The moon 

l 

rids v=J. 

SRWfTOf 

Sky 

«0 

VideSff 7 ^’ 

3R5I^ ... 

Ocean 

4 

Vide MfcVN 


Ocean 

4 

Vide ***** 


87 
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ft* ... 

Name of a Jaina 

saint. 

24 

According to the Jainas there are 84 

t Irthankarcw or saints. 

9^ ... 

Fire 

3 

vue arffcr. 

clW ... 

Elementary prin- 
ciples. 

7 

The Jainas recognise seven snob princi- 
ples, viz., Bflffa, 3TP5PT, 

m, Mf, %. 

*3 ... 

Body 

8 

Siva is considered to have his bodj made 

np of eight things, viz., 3fT, 

srg, ^rrw5T, fh ^c, 

^jWT'T. 

<T% 

Evidence ... 

6 

The six kinds of evidence are 

3T5RT*, ^TTHT, TOT, and 

arjqsf**. 

ai^Tst. 

Vi?pu t 

9 

Fids 

<fr«k ... 

Tlrfchahkara or 

Jina. 

24 

Vide frf'f. * 

... 

An elephant 

8 

Vide \q. 

tfnr ... 

Worldly action ... 

8 

Vide ^4^. 

** ... 

Name of a mani- 
festation of Pftr* 
vatl or Durgft. 

9 

Nine separate manifestations of Durga are 
recognised, 

% ... 

Quarter or a 
cardinal point of 
the universe. 

8 

There are eight cardinal points of the 
universe. 

M ... 

Do. 

10 

Ten directions are recognised, namely the 
eight cardinal points of the universe, the 
upward and the downward directions. 

m ... 

Sky 

0 

Vide 3T*FflT. 

T? - 

The eye 

2 

rid, 3Tfy. 

ift 

The eye ... 

2 


**t ... 

Elementary sub. 

stance. 

G 

Aoooording to the Jainas there are six 
varieties of elementary substanoe, via., 


afto.-vi arrt, qjc!, 
*nnni. 
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... An elephant ... 8 

... An elephant ... 8 

... A Purania insnlar 7 
division of the 

terrestrial 

world. 

* • 

... Constituent prin- 7 

oiples of the 
body. 

... Name of a kind 18 

of metre. 

... Mountain ... 7 

... Name of a dynasty 9 
of kings. 

... Sky 0 

... Method of oom* 2 

prehending 
things from 
particular 
stand-points. 

... The eye ] 2 

... An elephant ... 8 

... Treasure ... 9 


JN 

The eye 

... 2 


... Category of 

9 


things. 



... The serpent 

•M 7 


... Ocean M . 

... % 


Vide X$. 

Vide $*T. 

There are seven such divisions, vis.. 

These are said to bo seven, viz., chyle 
blood, flesh, fat, bone, marrow, semen. 

Each line of a stanza in this metre 
contains 18 syllables. 

Vide 

Nine Nanda kings are -aid to havo 
reigned in Magadha. 

Vide 

Acoording to Jain »s there are two Nayas : 

and yfruftXW 


Vide Sfftf. 

Vide *Vf. 

Nine famous treasures are said to belong 
to Kubera, the god of wealth, viz., 

*rpc, 

Vide 

The Jainas recognize nine categories of 
things. 

Sometimes eight and sometimes seven 
principal serpents are reckoned ia 
Hindu mythology, 

via* arra*. 
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y - 

City 

3 

Three oities representing three Asuraa 

are said in the Pur an as to have caused 
great havoo to the gods, and 6iva is 
said to have destroyed them. Of. 

3®^ ... 

Elephant 

8 

rat 

uTlsat^ ... 

The moon 

1 


q«r ... 

Bondage 

4 

The Jainas recognize four kinds of spiritual 
bondage, vis., ST^fcT, 

and 


Arrow 

5 

Vide 

*T 

A constellation 

27 

The Hindu astronomers oount 27 chief 
stelllar constellations or luuar man- 
sions around the ecliptic. 


Fear 

7 


m ... 

Elements 

6 

Five elements are reoognized, vis., 

vmx ... 

The sun 

12 

Fids FT. 

W ••• 

The world ».« 

3 

The number of worlds ordinarily oounted 
are three, via., the upper, the lower and 
the middle worlds. • 


Element 

6 

Vide 

W ••■ 

Mountain 

7 

Vide 


Passion 

8 

■% 

*n(to ... 

Mountain 

7 

Vide 3^3). 


A goddess 

7 

Generally seven of these goddesses are 
enumerated. 

gPr ... 

Bag® 

I 

Seven ohief sages are usually mentioned t 

they are, 

ifom, 3wxP*r, qfav. 

... 

)J€ 

The moon 

1 

rid. PI- 

A name of Sira or 
lindra. 

11 

It is held that there are eleven Kudras. 

C 


. Sage 

1 

fid* Vfft. 

... 

, The moon ... 

1 

r<d«rj. 
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or 

Excellent thing... 

3 

There are three excellent things for 

Jftinaa. vi.-, SPJHHS, 

x* 

A preoions gem... 

9 

Nine gems are usoally reoolrned, vit s 

*nr, »n*r*, jfim, 'mm, 

0 




... 

Opening 

9 

There are uino ohief openings in the 
human body. 

xb 

Tasto 

0 

The six prinoipal tastes are t 

5OT, ^.TfRfi, W«J. 

HZ 

Name of a deity 

11 

Vide ^f. 

w ... 

Form or shape ... 

1 

Everything has its one only shape. 

c^T .. 

Attainment j 

9 

The nine powers to be attained arr 

attainment of the 

nine powers. 


3H"(T^K ^^THR. 

•tfiwufar, VRrm, 

3{tRmr' r , aerntmto ,„d 

&& ... 

Attainment 

9 

Vii« 35VT. 

- 


0 


cifa 

World 

3 

Vide 

55 NH ... 

The eye 

2 

Vii* 



G 

Those deities are considered to bo eight ia 

number. 

*3 .. 

A class of Vedic 

deities. 

8 

*ft ... 

Fire 

3 

Vide 

zm ... 

Elephant 

8 

Vide %B. 

*rra ... 

Ocean 

4 

Vide 

fts 

<N -TV. 

RWIm - 

The moon 

1 

Fids Vl- 

Ocean ... 

t 

Vid* 

ft fulfil 

mrcm ... 

Ocean ... 

4 

Vide atf&T. 

ftw ... 

Object of sense... 

5 

The objeots oognisable by the flve orgais 

0 

of sense are five, vile TO* ^ 
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rto ... 

A group of Vedio 

deities. 

18 

it^TTT ... 

Sky 

0 


The Vedas 

4 

tsTFTT ... 

Pi re ... ... 

8 

s#r 

An unwholesome 

addiction. 

7 

s?im 

Sky 

0 

5RT 

Act of devotion 

or austerity. 

6 

n x - 

Name of Rudra... 

11 


Arrow 

5 

TOUT .. 

The moon 

1 


The moon 

1 

•• 

The moon 

1 

sifin; ... 

The moon 

1 


Arrow 

6 

... 

Pire 

3 


The legs of a 

bee. 

8 

... 

Mountain 

... 

... 



1 

hPcwW 

Ooean 

4 

HFH ... 

Ooean « M ... 

4 

... 

Arrow ... 

5 


Elephant 

8 


The sun 

12 

#? 

The moon m 

4 

... 

Elephant ... 

8 

src ... 

A note of the 

7 


musioal soale. 
c 


This group of deities is said to consist 
of 13 members. 

Fid* 3l^T. 

There are four Vedas, 

3Pli 

Fide Sfto. ■ . * 

Seven such addictions are prohibited in 
the case of kings. 

Vide 3R^T, 

ride 

Tide • 

rid* f%- 

ride PI- 

r>de F|. 

Vide 

ride 

rid. rj. 
rid. Sfft’T. 

The legs of a bee are held to be six. 

Fids 

ride srfSH. 

Fids 

Fids fj. 

Fids ^T* 

Fids J^T. 

F*ds^J. 

Fids f*. 

Seven notes are reoognised in the Hindu 
austoal soale, tis., ft, *T> 

u- fH. 
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w 

, Horse 

7 

Yid* are. 

fT 

. Name of Rudra ... 

11 

Yid* 


. Siva's eyes 

3 

6iva is said to have one extra eye in the 
middle of the forehead making up three 
in &11. 

pro* . 

.. Firs 

3 

v%d% arffa. 

jam : 

Fire * 

3 

Vidi 3jffcT. 

.. 

, The moon 

1 

me rt 

.. 

. The moon 

1 

Vide fpj. 

farts .. 

. The moon 

1 

Vide 
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SANSKRIT WORDS USED IN THE TRANSLATION 
AND THEIR EXPLANATION. 


Abddhd 

Jdhaka ... 
Adhv an ... 


Adidhana ... 


Adimiiradhana .. 


Agaru 

AmloL-vitascL 

Amdghavarfa 

Artfa 

AthiamMa ... 
Amiavarga ... 
Abga-J§d*tr* 
Atgul* 


Antfrivalambaka ... 


... Segment of a struight line forming the base of a 
triangle or a quadrilateral. 

... A measure of grain. Vide Table 8, Appendix IV. 

... The verfcioal spaoe required for presenting the long 
and the short syllables of all the possible varieties 
of metre with any given number of syllables, the 
space required for the symbol of a short or a long 
syllable being one anguia and the intervening 
space between eaoh variety being also an aAjiuio. 
See note to VI— 833$ to 336|. 

... Each term of a series in arithmetical progression is 
conceived to oonsist of the sum of the first term 
and a multiple of the oommon difference. The 
sum of all the first terms is called the Adidhana, 
See note to 11—63 and 64. 

... The sum of a series in arithmetical progression 
combined with the first term thereof. See note 
to 11—80 to 82. 

... A land of fragrant wood ; Amyrie dgalloeha. 

... A kind of sorrel ; Bumex vesicariue. 

... Name of a king ; lit ; one who showers down truly 
useful rain, 

... A measure of weight in relation to metals. See 
Table 6, Appendix IV. 

... Square root- of a fractional part. 5 m note to IV— 8. 

... Square of a fractional part. See note to IV— 8. 

... An auxiliary science. 

... A measure of length ; finger measure. See 1—85 to 
89 also Table 1, Appendix IV. 

... Inner perpendicular } the measure of a string 
suspended from the point of intersection of two 
strings stretched from the top of two pillars to a 
point in the ]^n« passing through the bottom of 
both the pillars. 
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Antyadhana ... » 
Aim 

AriffanSmi 

Arbwia 

Arjuna 

Asita ... ... 

Aidka * ... • ... * 

Aun$ra — Awifrap hala 


Aval* 

A)fana 

Wja 


Bhdga 


BMgabhdga 

Bhdgdbhydsa 

BMgahdra... 

Bhdgamdtr 


Bhdgdnubandha 
Bhdgdpavdha 
Bhdgaeamarga ... 


BJidjya 


Bhira 

Bhm nadr lya 


... The last term of a aeries in arithmetical or 
geometrical progression. 

... Atom or particle. See stanias 26 to 27, Chaptoi I 
and Table l, Appendix 17. 

... Name of a Jaina saint. ; one of the 24 Tirthaiikarae. 

... Name of tho eloventb place in notation. 

... Name of a tree; Terminal** Arjuna, W. & A. 

... Name of a tree ; Grielea Tomentoaa. 

Na mo of a tree • Jnnma Anoka lloJfb. 

... A kind of approximate uie&suro of the cubical oon* 
tents of an nxoavation or of a solid. See note to 
VI 11-2. This kind of approximate measure is 
called Auttra by oruhinsgupfa. 

... A measure of time. Vide Table 2, Appendix 17. 

... Do. do. 

... Literally seed ; hero it is used to denote a set of two 
positive integers with the aid of tho produot and 
tho squares whoroof, an forming tho measuro of 
tho sides, a right angled triangle may l»o cons- 
tructed. Vide note to VII — 20 4 . 

... A measure of baser metals. Vide Table 6, Appendix, 
IV. 

A simpio fraction. 

A variety of miscellaneous problems on fractions. 
See note to IV— 3. 

... A oomplox fraction. 

... A variety of miscellaneous problems on fractions. 
See note to IV— 3. 

... Division. 

Fractions consisting of two or more of t he varieties 
of Bhdga, Prabhdga, Bhdgakhdgu, Bhdgdnubandha, 
and Bhdjdpavdha fractions, leu nets* to III — 138. 

... Fractions in association. Vide note to III — 118. 

Dissociated fraction". See note to III — 126. 

... A variety of misoellaneon* problems on fractions. 
See note to IV— 3, 

. . Tho middle one of the throe plaoes forming the cube 
root group > that which has to be divided. See 
note to II— 6? and 54. 

... A measure of baser metals. Fide Table 6, Appendix 
IV? 

... A variety of miscellaneous problem^ on fractions. 
See note to IV— 3. ? • 
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Bhinnakuffikdra ... 

... Proportionate distribution involving fractional 


quantities. See footnote in page 125, 

Cakrikdbhafijana ... 

... The destroyer of the oyole of recurring lebirthsi 
also the name of a king of the B&$trakfit& dy nasty. 

Campaka 

... Name of a tree bearing a yellow fragrant flower 
Mkhelia Champaka. 

Chandas 

... A syllabic metre. 

Citi 

... Summation of series. 

Citra-kuffikdra 

... Curious and interesting problems ixvolvirig propor- 
tionate division. 

Citra-hutfiMramiira 

... Mixed problems of a ourious and interesting nature 
involving the application of the operation of 
proportionate division. 

Dantfa 

... A measure of distanoe. Vide Table 1 of Appendix 

IV. 

Delia 

... Tenth place. 

Daia-ktyi 

... Ten crore. 

Daia-latoa ... 

... Ten lakhs or one million. « 

Daiasahasra 

... Ten thousand. 

Dharana ... ... 

... A weight measure of gold or silver} Vide Tables 4 
and 5 of Appendix IV. 

Dindra 

A weight measure of baser metals. Vide Table 0 of 
Appendix IV. Also used as tho name of a coin. 

Drakfiiina 

... A weight measure of baser metals. Vide table 6 of 
Appendix IV. 

Drtoa 

... A measure of capacity in relation to groin. Vide 
Table 3 of Appendix IV, 

Duptfuka 

., Name of a tree. 

Dviragraiifanulla 

... A. variety of miscellaneous problems on fraotions. 

Ska 

... Unit place. 

Cfapfaka 

... A weight measure of gold. Kids Table 4, Appendix 
IV. 

Ghana 

... Cubing ; the first figure on the right, among tho 
three digits forming a group of figure* into 
which a numerical quantity whose cube root is 
to be found out has to be divided. See note to 
11-53, 54. 

GhanamCla 

... Cube root. 

Ghafi 

... A measure of time. Vide table 2 of Appendix IV. 

Qupakdra ... 

... Multiplication. 

Gnmdhana 

... The produot of £he common ratio taken aa many 
times aa the number of terms in a geometri- 
cally progressive aeries multiplied by the first 
teem* See note to U— 93. 
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(b&ji 

Hast a 

Hintdla 

I<xM 

IndranU<% .. t 

Jambil 

Janyo 

Jinan 

Jinapati 

Jina-sdnti 

Jina-Vardhamana ... 

• 

Kadamba 

Kald 

Kaldsavart/a 
Karma s 


Karmdntika 


Karra 


KSrf&pana 

KiUtki 

Khtri 

Kharva 

KW* 

Ktfi 

KtW 

KriU 

Krr**9a f n ... 


m 

Mpipapada 


... A. weight measure of gold or silver. Fid# Table* 4 
and 5 of Appendix IV. 

... A measure of length. Vide Tablo 1 of Appendix IV. 

... Name of a tree $ Phmnix or Elate Paludosa. 

. That quantity in a problem on Kulo-of-Threo in 
relation to which something in required to bo 
found out according to the given rate. 

... Sapphire. 

... Name of a tree j Eugenia Jambalona. 

... Trilateral and quadrilateral figuroa that may bo 
derived out of certain given data called bijt is, 

... The great teacher* of the Jaina religion ; the Jaina 
Tirthaiiharae , 

... The Chief of the Jinns, Vardhamftna. 

Name of u Jaina saint ; a Tirthankara, 

... Vardhamftna, the groat propagator of tho Jaina 
religion and the last of tho Tirthankarue. 

... Name of a tree } Kaarlea Cadamba. # 

... A weight measure' of baser metals, lid# Table 0, 
Appendix IV. 

... Frootion. See footnote on pago 38, 

... Conseq uence of acts done in proviou* birtha. Ac* 
cording to Jainus the Karinas are of eight 
kinda. See under in Appendix I. 

A kind of approximate measure of tho cubical 
contents of an excavation or of a solid, Set nolo 
to Chapter VIII 8. 

A weight measure of gold or silver. Viilt Tablos 
1 and 6, Appendix I V. 

... kKarpa. 

... Name of a tree } Pandanu * Odorytissimus. 

A measure of capacity in relation to grain. 

... The 13th place in notation. 

A measure of length in relation to the sawing of wood. 

... Crore, the 8th place in notation. 

A numerical measure of cloths, jewels and oanet* 
Vide Table 7, Appendix IV. 

An oasure of length. Vide Table 1 of Appendix IV. 

A kind of fragrant wood ; a Hack variety of AgaUo- 

chgp*. 

... Squaring. 

Half of the difference between twioe the first term 
and the common difference in a series ift antbmeti- 
oal progrgssion. 
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Kfityd 

Kfidbha 

Kp5nt ... 
Kutfaha or Kudaba 

A 

Kumbha 
Kmkurna ... 

Kwravaka ... 

Kufaja 

Kuffikdra ... 

Ldbha 

Lakpa 

Lahkd 

Lava 

Madhuka ... 
Madhyadhana 

Mahdkharva 

Mahdkfityd 

Mahdka&bha 

Mahdksoni 

Mahdpadma 

Mahdiankha 

Mahavlra ... 

Udn\ 

Mard&la 

Mdrga 

s Udfa 

Miru 

Miiradhana 
Xrdanga ... 

M*Mrta ... 

Mukha 

Mila 

jqUamiira ... 


ganitas£.ra8a&gbahA . 

... The 21st place in notation. r 

... The 23rd place in notation. 

... The 17th plaoe in notation. 

... A measure of capacity in relation to grain. Vide 
Table 3 of .Appendix IV. 

... Do. do. 

. .. T^be pollen and filaments of the flower* of saffron. 
Croews 8ativu8. 

... Name of a tree ; the Amaranth%r th*e BarUria, 

... Name of a tree ; Wrightia Antidysenterica. 

... Proportionate division. See VI -79i. 

. , Quo ti* nt or Bhare. 

... Lakh, the Gth place in notation. 

... The place where the meridian passing through 
Ujjftin meets the equator. 

... A measure of time. Vide Table 2 of Appendix IV. 

... Name of a troe, Ba ssia LatijoUa. 

... The middle term of a series in arithmetical progres- 
sion. See noto to II — 63. 

... The 14th plaoe in notation. 

... The 22nd place in notation. 

... The 24th place in notation. 

... Tbo 18th plaoe in notation. 

... The lGtli plaoe in notation. 

... The 20th place in notation. 

... A name of Vardliain&na. 

... A measure of oapacity in rolation to grain. Vi&i 
Table 3 of Appendix IV. 

... A kind of drum ; for a longitudinal section, see note 
to VII -32. 

... Seotion j the line along which a piece of wood ip 
out by a saw. 

... A weight measure of silver. See Tables 6, Appendix 
IV. 

... Ns me of a fabulous mountain forming the oentre 
of Jarabdftvlpa, all planet* revolving round it. 

... Mixed sum. See note to II — 80 to &2. 

... A kind of drum ; fora longitudinal lection, #e* not# 
to VIII— 32. 

... A measure of time. J’ide Table 2, Appendix IV » 

... The topside of a quadrilateral. 

... Square root j a variety of mUcellaneoua problem* on 
fractions. Vide \jpte to IV — 3. 

... Involving square root j a variety of misoellaneou* 
problem* on fraotiona. Vide note to IV— 8 



Muraja 

Kandydvarta 

Narapdla ... 
NUdtpala, ... 
Tfiruddha ... 
Nifka 

Nyarbuda^ ... 
Pdda 
Padma 
Padmardga . 
Paiidcika ... 

Patya 

Paal 

Pava ' , 

Famva 

Paramdm .. 
Farikarman 
Pdriva 
Pd fait 

Paffikd ... 
Phtla 


Plmkfii 

Prabhdg* 

PrtklriMka ... 
Prai^ipaka 
Prdkffakt’kcwwa 
Promina 


Pnpdrtpikd 

Brattk* 

Pratyntfnna 


APPENDIX il. &)! 

A kind of drum; game m Mrdavga 

Name of a palace built, in a particular form. Set 
note to VI— 332$. 

King ; probably name of a king. 

Blue water-lily. 

Least ooramon multiple. 

A golden coin. 

The 12th place in notation. 

A measure of length. Fide Tublc 1, Appendix IV. 

The 15th piece in flotation. 

A kind of gem or precious stone 

Relating to ihe devil ; hence very difficult or com* 
plex. 

A measure of time, f ids Table 2 of Appendix IV. 

A weight mensure of gold, silver and other metals. 
Vide Tables 4, 5, 0 of Appendix IV. 

A weight measure of gold; vide table 4 of Appendix 
IV i also a golden coin. 

A kind of drum ; for longitudinal section wy note 
to VII— 82. 

Smallest particle. Vide Table l, Appendix IV. 

Arithmetical operation. 

A Jainti saint ; one of the Tirlhaiikara *. 

A tree with sweet-scented blossoms; Bignonia 
Svoveolent. 

A measure of saw-work. Vide Tablo lU, Appendix 
IV ; also note to V III 03 to 07f. 

A given quantity corresponding to what bus to bo 
found out in a problem on the Kulo-of-Tbroe. 
See note to V— 2. 

Name of a tree ; the waved-leaf fig-tree, Ficu* In* 
fectoria or Religioea. , 

Fraction of a fraction. 

Miscellaneous problems. 

Proportionate distribution. 

An operation of proportionate distribution. 

A measure of length. Vide Table 1 of Appendix IV. 
The given quantity corresponding to Ieehd, in a 
problem on Rule-of- Three. 8ee note to V— 2. 

Literally, U»at which com plates or fills j hare, baaar 
matjfls mixed with gold j droaa. 

A measure of capacity in relation to grain. Vide 
Tables 3 and 6, Appendix IV, 

Multiplication. * • 
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Pravartikd 
Punndga ... 
Purdna 

Pupyardpa 

Ratharenu 

Romakdpuri 

Rtu 

Sahaara 

Saka 

Sakalakntjikdra 

8dla 

Sallakt 

Samayn 

Saiikalita .. 

Stinkha 

Sunkramaria 


8a*'ikrdnti 

Sdnti 

Sarala 

Sdrasa 

Sdrasavgraha 


Sarja 

Sarvadhana 

Sa ta 

Satakdfi 

Satira 

Sip a 


Sipam&l* ... 


A measure of capacity in relation to grain. 

Name of a tree j RoHleria Tindoria. 

A weight measure of silver. Vide Table 6, Appendix 
IV ; probably also a coin. 

A kind of gem o: preoious itone. 

A partiole. Vida Table 1, Appendix lV, 

A place 9JT to the west of LaAki. 

Season, heie used as a measure, of time. Vida 
Table 2, Appendix IV. 

Thousand. 

The teak tree. 

Propcrtibnate distribution, in which fr&otioutf are 
not involved. 

The .so l tree ; Shorea Robuata or Valeria Robxwta, 

Name of a tree ; Boswellia Thurifera. 

A measure of time. Vide Table 2, Appendix IV. 

Summation of series. , 

The 19th place in notation. 

An operation involving the halves of the sum snd the 
difference of any two quantities. See note to 
VI-2. 

The passage of the son from one sodiacal sign to 
another. 

Name of a Jaina saint. See Jina-$dnt%. 

Name of a tree ; Pinna Longifolia, 

A kind of bird. 

Literally, a brief exposition of the essentials or 
principles of a subjoot i here, the name of this 
work on arithmetic. 

Name of a tree ; same as the sal tree. 

The sum of a series in arithmetical progression. $44 
note to II — 68 and 64. 

A hundred. 

A hundred crores. 

A weight measure of baser metals. Fids Table 6, 
Appendix IV. 

The terms that remain in a series after a portion of 
it from the beginning is taken away. Am not# 
on page 34. 

A variety of miscellaneous problems on fractions. 
Sea note to IV-®*. 

A variety of mifoellaneous problems on fractions. 
8 m note to IV— 8. 

. The antipodes of £e*fcf. 
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Siddhae 

tidfa (%ki 

jSddhya 

Srivaka 

tfriparni 

Btdka * ... J ... 
8dtymaphala 

Suvarna-kutftkdra . .. 

Buvrata 

Svarna 

Syddvdda 

Tamdla 

Tilalta, ... «. 

Tirtha 

Ttrthankara* ... 

Trattarinu 

Trtprafna 

TuU f 

JJbhayenifSdha 

ifcchvdea 

Vtpalc 

Uttaradhtna ... 


UttaramUradhana 


fdha 

r«jm 

Vajrdpaeartana ... 

f*Mo 

f«UU* 

f*Wkdk*iflk4rq 


Those who have attained to the highest position in 
regard to spiritual knowledge. 

A measure of capaoity iu relation to grain. Vide 
Table 3 of Appendix IV. 

One of the three figure* of a oubio root group. Set 
note to 11—53 and 64. 

A lay follower of Jainism. 

Name of a tree ; Pmnna Spitiosa, 

A measure of time. Vide Table 2, Appeudix IV. 

Accurate measure of the urea or of the cubical 
contents. 

Proportionate distribution as applied to problems 
relating to gold. 

Name of a Jaina saint ; one of the Tirthankarae. 

A gold coin, 

Tho argument of ‘ may be.* See footnote on page 2. 

Name of a tree ; Xanthochymus tict.riu*. 

Name of a tree with beautiful flowers. 

Ford. See note to VI -1. 

The 24 famous Jaina saints and teachers. See note 
to VI-1. 

A partiolu. Vide Table 1, Appendix IV. 

Name of a ohuplcr in Sanskrit astro. .oiuioal works. 
Sse footnote on page 2. 

A weight measure of baser metals. 

A di-dutioient quadrilateral. See note to VII 37. 

A moasure of time. Vide Table 2, Appendix IV. 

The water-lily Hewer. 

Tho sum of all tho mul'iplos of the common differ- 
ence found in n series in arithmctioul progression. 
See note to II 63 and 04. 

A mixed sum obtained by adUing together the 
common difference of a series in srithuaetical 
progression and the sum thereof. See note to II 
-80 to 82. 


A measure of capacity in relation to grain. 

A woapon of Indrs ; for longitudinal section *ee note 
to Chapter V 11-33. 

Cross reduothn in multiplication of fractions. See 
noto to 111 — 2. 

Name # of a tree } Mtmueepe Slenyi. 


. Proportionate distribution baaed on a creeper like 
\ chain of figures. $«# note to VI— # 





804 

Vardhamina 

VargamGla ... 
Varna 

' Vicitra-kuffikdra ... 
Vidyddhara-nagara 
Vvamakutfikdra ... 
Vifamamnkramana 


Vitaeti 

Vfeabha 

VyavaMrdngula 

Vyutkalita 

Java 


Yavaktifi 

Ydga 

Ytijana 


GANlTASiftASAtfQRAHA, 

, 

... Name of the chief of the Jinas,; ride J»na- FartH* 
■mdna, 

... 8quare root. 

... Literally colour j here denote! the proportion of pure 
gold in any given pieoe of gold, pure gold being 
taken to be of 1G narnaa. 

... Curious and interesting problems involving propor- 
tionate division. 

... A rectangular town is what teem* to b£ intended 
here. 

... Proportionate distribution involving fractional 
quantities. Vide footnote on p. 125. 

... An operation involving the halves of the sum and 
the difference of the two quantities represented 
by the divisor and the quotient of any two given 
quantities. See note to VI — 2. 

... A measure of length. Vide Table 1 of Appendix IV. 

... Name of a Jaina saint ; ono of the TJrlhafikarat. 

... A measure of length. Vide Table 1 of Appendix IV, 

... Subtraction of part of a series from the whole series 
in arithmetical progression. See note on page 84. 

„. A kind of grain ; a measure of length. Vide Table 1, 
Appendix IV. 

Longitudinal section of a grain ; for diagram tee 
note to VII— 32. 

... A place 90° to the East of La*ka. 

... Penanoe; practice of meditation and mental oqp- 
cent rat ion. 

A measure of length. Vide Table I, Appendix Tl. 
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APPENDIX III. 


ANSWERS TO PROBLEMS. 

CHAPTER II. 

(2) 1162 lotuses. 

(8) 2692 gem*. 

(4) 16161 gem*. 

(6) 58946 lotusei. 

(6) 9255827948 lotuses. 

(7) 12845654321. 

(8) . 43046721. 

(9) 1419147. 

( 10 ) 111111111 . 

(11) 11000011000011. 

(12) 100010001. 

(13) 1000000001. 

(14) 111111111 ; 222222222 ; 333333333 ; 444444444; 556555655; 666000066; 
77777777 ; 888888888; 909999999. 

( 16 ) mum. 

(16) 16777216. 

(17) 1002002001. 

(20) 128 DXndras. 

(21) 78 pieces of gold. 

(22) ' 131 Wndros. 

(28) 179 pieces of gold. 

(24) 808 fruit*. 

(26) 178 fruits. 

(26) 4028 gems. 

(27) 27984681 gold pieces. 

(28) 21?1 gems. 

(82) lj 4j 8; 16; 25; 36; 49 ; 64; 81; *25; 256; 626; 1296; 5625. 

(83) 114244; 21724921; 66630. 

(34) 4284967286; 152399025; 11108889. 

(25) 40793769 ; 50908225; 1044484. 

(87) 1; 2; 8) 4)5,4) 7; 8; 9f 16; 24. 

(88) 81 1 266. 

( 29 ) 65586)789. 

(40) 7979) 1881. 


89 
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(41) 86 j 25; 

(42) 333 ; 111 ; 919. 

(48) 1; 8; 27; 84; 125; 216; 348 ; 512 ;729 j 3375 ; 15625 , 46656 ; 456688} 
884786. 

(49) 1030301; 5088448; 137388096; 888601813; 3427715584. 

(50) 9663597; 77308776; 260917 U9 ; 618470208; 1207940625. 

(51) 4741632 ; 37933056; 128024064 ; 303464448 ; 592704000; 1024192512; 

1626879776; 2427716584. ° * 

(52) 869011369946948864. 

(55) 1; 2; 3; 4; 6; 6; 7; 8; 9; 17 ; 123. 

(66) 24 ; 333 ; 852. 

(57) 6464 ; 4242. 

(58) 426;' 639. 

(59) 1344 ; 1176. 

(60) 960004. 

(66) 66; 110} 165; 220; 275 ; 330; 385; 440 ; 496 ; 650. 

(66) 40. 

(67) 664; 764; 980; 1245; 1552; 1904 ; 2304. 

(68) 4000000. 

(71) 6; 8; 16. 

(72) 9 t 10. 

(77) 2 ; 2. 

(79) 2 ; 620 ; 10 ; when the chosen number* are 3 and 10. 

(83) 2 ; 3 ; 6 i 2 ; 3 ; 6. 

t86) 120 ; 24 ; when the »nm of the required series ii twioe the known nun : 
80 ; 00 ; when the mm of the required series is half of the known ion. 

(87) 46 ; 4; when the smni are equal : 80 ; 24 ; when one of the mat is 
twioe the other : 44 ; 28 ; when one of the sums is thrioe the other. 

(88) 100 1 216 ; when the sums are equal : 232 ; 192 ; when one of the tune 
is twioe the other : 34 ; 228 ; when one of the sums is half of the other. 

(90) 21} 17; 13; 9; 5; 1 : 25; 17; 9; 1. 

(92) 6; 5; 4; 3; 2; 1. 

(96) 4874 ooins. 

(99) 1276 df ndrat. 

(100) 08887; 22888188593, 

(102; 4; 2. 

(104) 4, 

(105) 8; 9; 15. 

(111) 224 ; 201; 175; 244 ; 261. 

(112) 4886 ; 4666 ; 4200 ; 76250. * 

(118), 182988 ; 5846. * 

t (114) 180; 112; 60; 40. 

(116) 4098; 2044; 1020 ; 508 ; 262; 124; 60. 
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CHAPTEE III. 


tot 


( 8 ) 

W *35 W<u- 

W 2 

(6) 2} palas. 

®4. 

(9) ~ papas. 

(10) V? I papas. 

(11) 14 —polos. 


16 

w 


120 
143 ; 


224 
255 '• 


120 

133 * 


m % 


m 

m 


(16) 


(18) 


,1. 

24 

48 

80 


9 ’ 

26 J 

49 5 

81 * 


26 

49 

81 

266 

400 10000 40000 

4 J 

4 1 

; 4 

* 9 

J 9 1 9 ! 9 * 

9 

26 

49 

81 

121 109 226 289 

V 

9 J 

16 5 

25 J 

30 ; 49 ; 04 * 81 

1 

1 

1 

1 

1 

T* 

T* 

T< 

T* 

0 ‘ 

Bee examples 14 and 16 in this chapter j ~ , 

1 

i 

l 

l 

1111 

8 * 

27 ’ 

64 1 

125 s 

210 ; 343 * 612 ; 729 * 


861 
100 ; 


441 
1 21 4 


629 

144* 




843 
64 * 


1331 
216 5 


59319 

8000* 


5 

T { 


<*>). 

/•i\ llii 

W ?* P T 1 P 

a 31 39 18 

TP 18 * IP 3 * 

, 31 11 


8376 
612 » 


6869 
1000 J 


12167 
1728 J 


19683 
*2744 ’ 


29791 
4096 * 


42876 

688 ? 


19 

10 * 


23 
13 * 


14 


<*> 

«*o 


«r ao* 

69 


20 86 927 8377 1891 8688 

'ISO* 49 ’ 88 5 2366 1 8^04 * 8610 ; 22264' 

(33) In etoh of the tenet the firtt term it 1, and the common difference it 2. 

JL JL 26 ^8 49 64 81 

9 ’ 10’ 26 • 86 » 49 * 64* 81 » 100*' 


tqw« of the tami ere 


Theonbeeof the samt are 


in 

TiT 

in 1000 1331 

looo’ TOT* m 


J7 

64’ 


64 

126 * 


126 

216 


tfT 343 

34i ' TO* 



m 


Oi^lTASlBJLSA^O&ABl. 


(28) The cubic turns are -Jr, -|r, 4r!r, -^tU the first term* are 

27 ’ ftA » 1 2I»» 21 ft * UAH » 


27’ 84 * 125’ 216 * 848’ 

18 16 3.. 1 

T» Ta* ~c~* "sr» Tri the °° mmot5 differences a r e — 

o lo o <44 14 8 

the numbers of terms are -i. JL f JL, ** 

7* 8 2 5 8 7 


8 2 6 , 
8 * 6 * 12 


(30) y-« 

10 

21* 

WjJ' 

3 

13* 

(82) 

1 

2* 

<«> -f. 

2 

6 ’ 

1 

3 

(87) p 

4* 


4108 

76 


are the interchangeable first term and common difference 


when the sums are equal ; and i« the equal sum. When the srftos are 

460 

7852 2658 

in the ratio of 1 to 2, and — — are the first term and the common differ 
45 76 

once j and the double sum is — . When the sums are in the proportion of 

1842 4883 

1 to 4, the first term and the common difference are and and the 

haired wk®«, 

826 

V ' 2048 2048 

..... 188 l* 8 88 

(4t) If ~W‘ IT 


<«) 4* 


127 
6760* 

11 
100 * 

4867 668 


(49) 

(60) 

( 61 ) 12000 S 1440™ * 28620 ’ 


9367 


(52) JJ-, 


(68) The first terms are 


Jl 8 •, *«r, 5* , the .em. .re 


81 ' 248 729 

UR80 18678 , ,^ e numbers of terms »r» 6;ji 4. 
8881 8881 ’ 

(67 8 68) 1. 

, m i- 
(80) 1|1|1. 


87188 

8(81 
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(61 4 62) l t i j It 1. 

(61) 0. 

(64) T 

(66 & 66) A, A. 

6 8 

(67 to 71) 4, 

(74) 2 ; 3 ; 4. 

(76) 27 } 54. (6) 2 , 3; 9 ; 27;', Bl ; 162. (c) 2 } 8 , 9 } 27 , 81 , 

348 ; 486. 

(78) (1) 8 j 186 ; 340 ; 260. (2) 44 ; 220 ; 460 } 299. (3) 78 ; 286 t 660 j 

825. 

(81) (1) 6 ; 21 ; 420 j when the optionally ohosen quantity is 1 throughout ; 

(2) 3} 11 ; 232j 53592; when the optionally chosen quantities itro 2, 1, 1, 
(88) 2 ; Aj A; when the chosen quantites are 6, 8, 9. 

(84) 8; 12 ; 16 ; when the ohosen quantites are 6, 4, 8. 

OJP) (1) 18 ; 9 ; when the ohosen number is 8. 

(2) 80 j 16 ; when again the chosen number is 3. 

(84) (1) 0 ; 12*, the chosen number being 2. 


(2) 8; 16 

do 

6. 

(8) 46; 92 

do 

2. 

(4) 22; 110 

do 

6. 


(90) (1)4; 28 {(2)26,176. 

(91) 16,340. 

(92) 161, 8020. 

(94) (1) 22 , 44 , 88 , 66 , 68 , 110 ; when the mm is split up into , __ 

And A and the ohosen number is 2. 

4 111 

(2) 11 , 22 1 69 } 280 ; 191 ; 88 ; 20; when the sum is split up into _. f .i. , 

(96) 62. 

(97) n. 

(») is 

(100 to 103) 1. 

(10t 4 101) 1. 

(10* *100) 1. 

( 100 ) 1 . 

/im\ 1 3 , 1 . i# I- A. andi are the optionally choeen quantities 

'*40~ J’ 6’ 12 4 

(Ul) 7^ 

(U2)f 

(114)0. 
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(116) 14-J- nifkas. 

(116) 0. 

(117) 2 dfdms and 3 mAfu. 
(U8) if- 

(119) S g «/*««■ 


( 120 ) 1 . 
(in) it- 

(1M) \ : 

(124) 1. 

(127) 24 
6 


J_, lif 
10 1 8 


1 1 
T i -T-i 


_ are the optionally split up part*. 


8 


( 128 ) 

(129) 1. 
(180) 1. 
(181) 1. 
( 188 ) T' 

ports, 

(184) 

1 


. when — _L and — we the optionally split «p 
8 ’ 8* 12 4 


(187) i when -i-, y~, ~ are the optionally ehoeeo fractions 


2 1 

in plaoes othsr than the beginning } * when , 
o 4 

similar fraotions. * 

(189 A 140) 8 'Jf‘‘ 


v r t *" 


CHAPTER IV. 

(6) 24 KasUu. 

(6) 60 bees. 

(7) 108 lotuses. 

(8 to 11) 288 sages. 

(12 to 16) 2620 parrots. 

(17 to 22) 3466 pearls. 

(22 to 27) 7660 bees. 

(28) 2192 sows. 

(29 and 80) 18 mangoes. 

(81) 42 elephants. 

(82) 108 yardpas. 

(84) 86 oamels. 

' (It) 144 pMtooolo. 
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(86) 676 bird*. * 

(87) 66 monkey*. 

(88) 86 ouckoos. 

(89) 100 ewana. 

(41) 24 elephant*. 

(42 to 66) lOOasoetios. 

(66) 166 elephant!. 

(66) IP bees. # 

(40) 196 lion*. 

(60) 824 deer. 

(68) 48 afigulai. 

(64 A 66) 160 elephants. 

(66) 200 boars. 

(68) 96 or 82 vdha*. 

(69) 144 or 112 peaoooks. 

(00) 240 or 120 hasiat. 

(02) 64 or 16 buffaloes. 

(68) 100 or 40 elephants. 

(64) 120 or 46 peacooks. 

(66) 16 pigeons. 

(67) 100 pigeons. 

(68) 266 swans. 

(70) 72. 

(71) 824 elephants. 

(72) 1728 asoetios. 

CHAPTER 7. 

(«) 688 “5T V 5 ) anas - 

(4) * "iF y &)***»• 

(6) 106600000. 

(«) w«r 
< 7 ) iuo» j*"' 

<•) 

(io) *7-|r ***** 

(U) 196-T * Wr “- 


( 1 *) 
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(1») *880 "5" f«l«. 

(U) 168 pair*- 

8^t 81 

(16 <fc 16) 11 m v#**m j 17 -ST V(Sha8, 

(17) 112 drdyaB of kidney bean* 604 koalas of gheej 886 drOyoB of rioo 
448 paii» of cloth j 836 oow* ; 168 svary**. 

169 „ 

(18) 160} 112 -3^ dUrama. 

(19) 720 pieoe*. 

(10) 626 piece*. 

(91) 24 Tirthankarat. 

(21) 216 blooka. 

(24 & 26) 6 year* and 117 days. 

(20) 218-f' day*. 

(27) 10 year* and 245 IT day-< 

9 

(28 to 80) 351-^- day*. 

(81) 76 f day*. 

(88) 10 purdyas j 18 jmrdyaB j 28 pwrdyaB. 

(84) 29 *Y[2o"9old oom*. 

(86) 36 gem*. 

(86) 4000 panai. 

(87) 260 karfaB. 

(88) 960 pomegranate*. 

(89) 660000 gold coin*. 

(40) 760 gold ooin*. 

(41) 54. 

(42) 262 gold ooin*. 

(48) 946 idhas. 

CHAPTER TL 

(8) 7 j 5 1 4 } 5. 

(5) 9 } 18 } and 2&~ pwrdya*. 

(«) 17 a Urtir ° *”■ 

(7) 61 pwrdyaB and 14 p*yu, 

( 8 ) 200 . 

( 9 ) 33 ~ 

\ll) 
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(18)14. ’ , 

(18)^60; 70. 

(15) 4jfc months. ^ 

(16) o month*. 

(17) 10 month*. 

(10 & 20) 35y 
(22) 30 ; 18. 

(24) 30. 

(26) months. * 

(27) 5 months ; 76. 

(18) 4$ month*; 81$. 

(30) £li 

(81) 60 ; 6 month*. 

(82) 24 months ; 36. 

(34) 10 ; 2$ months. 

(36) 48 ; 10 month* ; 24. 

(38) 10 ; 6 ; 3 ; 15. 

(40) 40 ; 30 { 20 ; 50. 

(41) 6 ; 10; 15 ; 20 ; 3*). ; 

(M) 5 months , * month. ; 8 .....nth. ; « month.. 

(45) 8. 

(40) 6; U. 

(48) 20 ; 28 J 80. 

(40 & 60) 25. 

(52) 18. 

(63) 30. 

(65) 900. 

(66) 800. 

(68) 28 month*. 

(69) 18 months. 

(61) 2400; 800; 1200 ; 96. 

(62) 1000; 420 ; 480; 90. 

(64) 60. 

(66) 60. 

(67) 2400; 2720 ; 8400. 

. (68) 1060; 1400; 1800. 

(60) 6100 ; 4690 ; 4060. 

(70) 1800 ; 1108 ; 1150. 

, *«i\ 2004 o iui . 58 ajQnth*. 

(72 and 731) - 7 i*m>J ” 

(784 to 76) 440 ; 11 ; 5 months. 

(784) ^ month. 

(801) 48 ;82; 24; 10. 


40 
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(81*) 3; 9} 37; 81; 243. 

(82* to 86*) 120; 80 ; 40 ; 100 ; 60 ; 20. 

(86*) 48; 72; 90; 120; 144. 

36 

(90* and 9'.*) 70 pomegranate* ; 36 mangoe* ; wood apple*. 
(92* to 94*). 

Curd. Ghee. Milk. 


L pot 

128 

32 

64 

9 

8 

h 

II pot 

32 

3 

8 

10 

3 

III pot 

04 

10 

32 

9 

8 

9 


(96* aud 96*) 16 men ; 50 men. 

(98*) 4; 9; 18; 36. 

(99*) 8 ; 13 ; 21 ; 36. • 

(100*) 2 } 4;7;l3;2*f. 

(101*) 10 i 39 ; 96 ; 234. 

(103*) 220; 37. 

(104*) 20; *. 

VL06*)6;4;3. 

(the hitter two having been optionally ehoosen). 

( 106 *) 8 . 

(108*) 8081000; I860; 2231. 

(110*) 148; 35328; 184. 

(112* and 113*) ~ dower*. 

(1141) tlowor '' 

(1171) 

(U8J) 17. 

(1191) 98. 

(1901) 9. 

(1211) 66. 

(1221) 81. 

(1231) 69. 

(1241) 89. 

(1261) 16. 

(1261) 16. 

(1271) 637. 

(1281) 188. 

(1291) 194. 

(1811) 11. 

(182* and 133..) 25. , 

(1861) l 

(1871) 10 ,57. 

(138*) In the oa«e of ponitive aasociated number* : 

, 21il'«! 18, 11; 21 , 19 i 37 i 7 i 37 i 6 i ^ I II i 13 ; 6 , 12; I ; 
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la the oue df negative associated numbers : 

11 i 18 } 23 , 27 } ft } 23; 7 ; 39 ; 11 ; 44 ; j 41 ; 51 ; 46 ; 59 } 37 . 

65 

(HO* to 142*) 8; 6. 

(144| and 146*)- 

Cifcrons. Plantains. Wood-apples. Pomegranates. 


I heap 

14 3 

3 

1 

II „ 

16 3 

2 

1 

HI „ 

18 3 

1 

1 

Prioe 

(147* to*49). 

2 10 

1 j 

4 

2 

Peaoooks. Pigeons. Swnns. 

SArasa-birds. 

Number 

7 16 46 


4 

14 

Prioe in panas ^ 12 30 

(160)- 

Ginger, Long pepper. Pepper. 
Quantity 20 44 4 

10 

3 


Price mpams 12 10 32 

(162 and 163) Panas 9 ; 20 ; 36 ; 36. 

'■ 83 71 

(156 and 160) When the optional number is 6 ; — ; ; 3; 7. 


When the optional number is 8 ; 6 ; 0 ; 10 ; 4. 

(168) Length of a stage 10 Yfjanas ; each horso h«s to travel 40 Yf>ja%at. 
(160 to 162) 10j 9 j 8 j 6, 

(164) 20; 15 and 12. 

(166 and 166) 8 ; 20 ; 40. 

(168) 243 panan. 

2 4 2 10 40 28 80 

(170 to 171i) 10} i — . — i 7 > „'«•?» 7’ 


(178J) 88. 

(174*) 87*. 

(177* and 178) 14, 
(179) 8. 

(181) 81. 

(164) ™ 


(188) 80i*j*|4|4iM- 


117 109 


176. 


Ill 
10 ' 


/1AO\ 111 , nr 

b® 8 ) Ig ' JO 1 1# 

(190) ‘i 1 18. 

(191) 8il8|10| j. 
(19ltol96*) 


11 76 
2 1 7 1 


82 


(198*) 660; 448. 

(800*40 VI) 

(104 and 80S) 47 1 17 ) 84 ) 68: 186. 
(107 and 208) MOO. 
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(113 to ill!) 8,3. 

5 6 

(217) 11. 

(219) 6; 15; 30; 16; 6} 1:63. 

(320) 6; 10; 10; 5; 1:31. 

(221) 4;6;4; l; 15. 

(338 to 336) 10 ; 34 ; 33. 

(337) 4 jaok fruits. 

(329) 2 Yojanaa. 

(231 and 233) Vxndraa 18 ; 57 ; 155 ; 490. 

(236 and 237) 16 ; 1 ; 3 ; 5. 

(239 and 240) 261 ; 921 ; 1416 ; 1801 ; 2109 ; 110880. 
(242 and 243) 11 ; 13 ; 30. 

(344 and 244*) 3 ; 4 ; 6. 

(345* and 247) 5177 ; 103 ; 169 ; 223 ; &8. 

(248) 14760 ; 356 ; 586 ; 445 ; 624. 

(249 to 250*) 55 ; 71 ; 66 ; 876. 

(263* to 265*) 7 ; 8 ; 9. 

(256* to 268*) 11 ; 17 ; 20. 

(280* and 281*) 7 ; 3 ; 2. 


(282*) 8; 12 ; 14, 16 ; 31. 
(283*) 64 ; 72 ; 78; 80 ; 121. 


(264*) 1875; 2625 ; 2925 ; 3045 ; 3093 #187. 
(268*) 4; 7; 13. 

(207*) 12 ; 16; '22; 31. 

(270 to 272*) 42|; 40. 

(274*) 6 ; 8. 

(276*) 186. 

(277*) 161. 

(278*) 
v 441 
(280*) 26. 

(382* to 283) 1296 ; 1226. 


(287) 


85 . 

3 


(289) 87. 

291) 40; 184. 
(298) 2 ; 9. 


(295) 6 woman ; 40 flowers. 

(297) 204 ; 2109 ; 2870; 78810 ; 180441 ; 16206. 

(800) 1096 ; 1624. 

(802) 441 1 1298 ; 784 ; 106625 ; 1082146816. 

(804) 2556!; 136225. 11 

(806*) 27668. • 

'(ft**) 504 ; 782 ; 1020 i 1875 ; 5804 ; 160675 ; 272804, 



APPENDIX HI. 


&17 


(810*) 1563100 } 5038869 ; 9646 , 12705 ; 114400. 

(8121-313) L? * 54€1 
162' 12288* 

(316) 426. 

(316) 416348873. 

(318) 2} 3 ; 5 ; 40. 

( 820 ) y 

(321 to 321*) 24 daya. 

(328*) , 

(325*) 6. 

(327*) 26 days, 

(329*) 1*;*». 

(331*) 65. 

(332£) 620. 

(337*) For answer see footnote in the translation. 


- C II APT Kit VJ1. 

(8) 32 sq. daydas. 

(9) 866 sq. daydaa and 4 sq. ha*{aa. 

(10) 98 sq. daydas. 

(11) 1200 sq. daydaa. 

(12) 3600 sq. daydas, 

(13) 1962 sq. dayda v. 

(14) 2378* sq. daydaa. 

(16) 6304* sq. dayda s. 

(16) 1925 sq. daydas. 

(17) 7426 sq. daydaa, 

(18) 50 sq. hastan. 

(20) (i) 64 ; 243. (ii) 27’; 121*. 

(22) 84 { 252. 

(24) 48 haatasi 195 sq. hastas, 

(26) 378. 

(37) 136. 

(29) 189 sq. hastas j 135 sq. hastas, 

(81) 108; 972; 3G. 

(S3) 1600. 

(84) 2,400 aq. daydaa. 

(85) 462 aq. daydes. 

(86) 640 aq. daydaa. 

(88) 224 sq. day4aa\; 48G.xq, dar4*». 

(40) ; 180. 

(41) 18, 80*. 
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(42) 20*5 8 j. 
(44) 2531; 89. 
(40) IS ; 20. 


(51) V 708 sq. darufati darfaa V4&J 4 •, 4 . 

(£2) 00 sq. dan# as ; dan^aa 12 ; 5 ; 5. 

(53) 84; 12; 5; 9. 

(56) 4/60 ; 26. 

(66) 18; 00. 

(57) 05 ; 1500. 

(58) 312; 288; 119; 120; 34560. 

(69) 316; 280; 48; 262; 132; 108; 224; 189; 44100. 

(01) '✓3240; V G5610 ; V 3 0000; 4/8100000} V48401 '✓146410. 

(02) '✓300^ Vm0> '✓3240 » '✓262440. 

(04^4/0048"; 4/5443! 

(661) 4/2600 dandat • 4/42250 «q. danda a, 

(68l) 4/39690 8q.da/j(/a«; 4/20260 sq. dandaa. 

(Q9l) 4/31360 sq. danfat. 

(711) 4/1440 sq. dandas. 

(721) 4/5700. 

(751) 4/360 ; 12 ; 6. 

(771) 192 4 V 23040. 

(781) 192 - 4/ 5760* 

(791) 192-4/23040. 

,oii\ V*9360 V4840 . V4840 
(»U) 9 5 9 * T"* 


(831) 10-V16O. 

(861) 4/48 - 4/40. 

. (871) 10 . 12 ; 48. 

(891) 80 ; 8. 

(911) »; 4, 6. 

(921) 6; 12; 18. 

(941) l«l 80; 34, 

(961) 8 » 8 ; for the tbree ouei. 

\981) (i) 60; 01. 

(ii) 11 ; 61. 

(iii) 11 ; 60. 

(1001) 80; 102, 61 ; 00; 109, 11; 6460. 

(1021) 109 , 407 , 169 , 120 } 312 ; 119 ; J450O. * 

(1041) 126; 300; 260, 195 , 224; 189, *8,' 252, 168; 182; 44100. 
t (109» 84 , 60, 16* 
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(111!) 13, l*i Hi 13. 

(113!) 4, 1. 

(U*!> V2, ». 

(116!) 6 1 *• 

<u«i>i* vi. 

(117}) 82; (perpendionlar 24). 

( 118 l) u* 53- * 

(119}) (perpendionlar—). 

(HI}) 3 | 8. 

(121} and 124J) 89 ; 52 ; 25 ; 60 ; 88 , 66 ; 68 j 10. 

(12 6}) 5, 12. 

(128}) 5 ; 12. 

(180}) 25 j 60. 

(184) 8; 15; 3; 20. 

(lSl/ 8 ; 7 ; 2 ; 28. 

(186) 82; 87 j 6; 232. 

(188) 37 ; 24 ; 28 ; 40. 

(189) 17 ; 10 j 18 ; 24. 

(140) 025 ; 672 ; 970 ; 1904. 

(141) 281 ; 320 ; 442 ; 880. 

*(148 to 145) Circle: 25920 ladies ; 720 dandat. square : 84560 ladies; 710 
danfat. Equilateral triangle : 88880 ladies ; 1080 danfat, Longish 
quadrilateral : 38880 ladies ; 1080 dar4at ; 540 darufa*. 

(147) (i) Side 8 

(ii) Bate 12 ; perpendicular 6. 

18 13 1 . 41 4 

(140) J I J* i {J 12 1 


(151) 18 | 13; 13;; 3; 12. 
(158 to 168}) 8; 16; 11; 12. 


(168}) V48 
(157}) 6) 0, 4 

US *)"?!?.!! 6 

80 * 80 * 80 * 


/s^l\ U6 83 t 45 

80 1 80 * 30 
(164}) VB. 
CH®})*|1| £ 

18 18 18 


(i«i) «• 
(i7o!) io. 


43 
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(172*) 10 i 18. 

61 84 , 50 

(174*) Side* y j top.aide y j baa© “g . 

(170) 17. 

(177} to 178}) (a) 3600 ; 7200 j 10800 * 14400 ; (b) 54 j 90 j 126 , ,162 , (c) 100 , 
100 ; 100 } 100 . 

(179}) (a) 2700 } 7200 ; 4500 j (b) 50 s 70 } 80 } (e) 60 j 1*20 j 60. 

(181}) 8 haataa ; 8 haatas. 

54 30 90 

(182}) y hasten ; y basfa* ; y Juwfcw. 

(183} and 184}) 3 haafcw ; 6 haria* ; 9 hastas. 

28 

(185}) 7 ha*ta« } 7 hdstaa ; -j 7uwta«. 

13 13 39 v , 

(180}) y bariaa; y ; y hasten. 

(187}) 9 hantaa ; 12 haatas ; 9 /iasta«. 

(188} and 180}) 8 haataa ; 2 ; 4 haatas. 

(191}) 13 haataa. 

(192}) 29 haataa. 

(193} to 195}) 29 haataa ; 21 haataa, 

(197}) 10 haataa. 

(199} to 200}) 12 ydjanaa ; 3 ydjanaa. 

(204} to 205) 9 haatas } 6 haataa ; 4/250 haataa. 

(206 to 207}) 6 ydjanaa \ 14 ydjanaa ; 4/520 ydjanaa. 

(208} to 209}) 15 ydjanaa } 7 ybjanoa. 

(211} to 212}) 13 day*. 

(214}) 4/18} 13. 

1V 05 
(216}) T . 

lv 125 
(216}) -y. 

(217}) 65. 

— 169 
(il8}) VW; fj. 

, 66 
(219}) -y 

(220}) 4. 

/ 10 ! 

(222}) Square: ty y 


169 

2 '* 


Oblong : 6 } 12. Quadrilateral with two equal* Ida* : 


•idea y j topside y ; baaeyT • Quadrilateral jrith three 


16 


66 


•idea ^ } baae jjy . Inequilateral quadrilateral: aide* y » yi to^dd* 


8$ If 


6 1 baae',12. Equilateral triangle 
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base IQ. Soalene triangle : aidea, 12} I 


Xaoaoekf triangle 1 ddoa If t 
56 

I' 
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(224$) Square, 3. Quadrilateral with two equal sides: *y£-. Quadrilateral 
with three equal side* : ~p Inequilateral quadrilateral : -jy. Equilateral 


20 


triangle: V\2. Isosceles triangle : ~ . Scalene triangle : 8. Hexagon: 


3 • 

j, if the area of the same is taken as V48 in aooordauce with the ruJo 
given in stanch 86$ of this chapter. 


(226$) 8. 
(228$) 2. 
(280$) 10. 
[232$) 6] 2. 


CHAPTER VIII. 


■ (6) 612 oubio hastas. 

(6) 18560 oubio hastas. 

(7) 144320 oubio hastas. 

(8) 162000 cubio hastas. 

(12$) 2928 oubio hastas. 

(13$) 1458 oubio hasten ; 1476 cubio hastas j 1464 oubio hasku. 
(14$) 2016 oubio hastas ; 2962 cubio hastas ; 2928 cubic hastas. 
(15$) 8380 oubio hastas. 

(16$) cubio hastas. 


(17$) 10100 oubio hastas. 
tl8$) 18288$ oubio hastas. 

(11*) (i) 8024 cubio dongas ; 8024 oubio davfa s ; 4032 cubic da^as, 
(il) Central mass i. tapering; 1488; 1488; 1984 cubic darfas 
(12$) 4032 j 1984 cubio daptas. 


(14$). 40 oubio hastas. 
(16$). 16 hastas. 

(17$). 12 J 50. 

(29$). 2304; 2078 f. 
(•!$)♦ a/T*0] V&48. 


m* h h h n ofthewelu 

(36 and 80). 13 yearns, and 976 danias ; 89 i$$ sdhss, 
(37 to 38$). 17 ydjaaas, 1 hrfc'a and 1968 dan4as. 

(39$ and 40$). 20 V^owas and i952 daMas. 

(41$ and 42$). 6 y0ja**s, 2 ^ and 488 ian4a* 

(46$). 0912 unit brioks. 

(46$). 3466 unit bricks. 
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8$2 

(47*). 

(«i)- 
(«i)- 

(Mi). 

(61*). 

(«*)• 

(Mi)- 

my 
my 

(69-fiO). 891 unit brioks. 
(82). 18,720 unit briok*. 
(68*). 84 pattika.9. 


CHAPTER IX. 

(9*)- \ of a day. 

(Hi). SftfWb 
7 

(13*). ola day. 

( 14 *). 2 . 

(16* to 17). £ of a day ; 10 ghafU. 

(19). 8 angulaa. 

(22). 18 hastoa. 

(24). 8 hastaa. 

(26). 2. 

(27). 20 hastaa. 

(29). 10. 

(81). 6 } 60. 

(84). 6 hastaa . 

(86 to 87*). fg of a day j 8. 

(88* aud 89*). 6 hasten, 

(41* to 42). 24 angulaa. 

(44). 82 angulaa. 

(46 and 47). 112 a hgulci. 

(49). 176 foot-meat nrei. 

(60). 100 foot-measures. 

(61 to 68*). 100 ydjanos. 


5184 unit bricks. 

108000 unit brioks. 

40820 unit«brioks. 

40820 unit brioks. 

20736 unit brioks. 

1440 unit b^cks j 2880 unit bricks. 
2640 unit brioks j 1680 unit bricks. 
2880 UDit brioks j 1440 unit brioks. 
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APPENDIX IV. 

TABLES OF MEASURES. 


1. LINEAR MEASURE. 


Infinity of Paramdnui 

— 1 Anu. 

8 Apui 

=a 1 Traaarinu. 

8 TrasarinM 

— 1 Rxtharlhu. * 

S *Rat\ar*nus 

= 1 hnir-meamre. 

8 hair-m ensures 

= 1 louse-measure. 

8 louse-iueasiires 

= 1 sesamum-measure or muitard* 

measuro. 

8 sesamum-meMures 

= 1 barley-meaanre. 

8 barley-measures 

s» 1 a ngula or Yyavahdrd^gula. 

600 Yyavahdrdngulas 

s=s 1 Pramdpa or PramdpdAgula, 

6 A^guUu (finger-measure) 

= 1 foot- measure (measured serosa). 

S feet 

— 1 VHasti. 

2 Yiiatiit 

=* 1 n<mta. 

4 Haitat 

= 1 JDaw^o. 

2000 Danfaa 

= 1 Krt>ia, 

4 KrMat. 

ms 1 Ydjanc. 

2. 

TIME MEASURE. 

Infinity of Samayas 

= 1 Avali. 

A number of 2vaUt 

— I Ucehvdaa. 

7 UcchvdM 

= 1 

7 88thu 

css 1 Lava, 

I8i Uva#* 

*= 1 Qhafi. 

t OHfia 

= 1 Uuhdrta. 

t0 MMrtaa 

ess. l day. 

16 day* 

— 1 PoJMo. 

2 Fak*u 

* es ] month. 

1 months 

wm 1 ft*. 

S 

x* 1 Ayan*. 

SifMM 

- 1 yenr. 

• 
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*. MEA8CB18 Or CAPACITY fOBAIN MBASTOIMIMT). 

4 ffrjktfi'kda 

■» 1 K%i4aha, 

4 Kuiahaa 

= 1 Praatha . 

4 Prasiha8 

= I J4Kaka, 

4 Aihdkas 

= 1 #rfya. 

4 Drflpa* 

=S 1 

4 lf<f n?« 

= 1 JTAfrr. 

5 KWri* 

= 1 Pravartikd. « 

4 PrawrtiJiufa 

«* 1 F<fAa. 

6 PravartiJWF# 

= 1 Kumbha, 

A MEASURES OF WEIGHT-GOLD 

4 Gcpfakas 

=s 1 GuHjd. 

6 GuXjda 

= 1 Papa. 

8 Papa* 

= 1 Dharana 

2 Dharapaa 

= 1 JTa?#a. 

4 Karfaa 

= 1 Paia, 

6. MEASURES OF WEIGHT— 8ILVER. 

2 Grain* 

=3 1 Gufljtf. 

2 Ga**f# 

= 1 Mdfa, 

10 Mtf^a* 

— 1 Dharam, 

2* Dharanaa 

= 1 Xarya or Pnr<fpa. 

4 Karfa* or Putrdpas 

^ 1 Pala. 


6."MEABUREB OF WEIGHT— OTHER METAL8* 


4 PS da* 

0* KalSt 
4 Foikm 
4. Antd <u 
6 BWya* 

2 Drak# npo* 
I DiiwTrw 
12* Palo* 
200 Pala# 

10 lWIli 


=» 1 Kald. 

= 1 Tavo. 

= 1 AwJa. 

-= 1 BJuT*a. 

= 1 Drck^ m, 
= 1 Dtiwfro. 
= 1 Satfra. 

= 1 Praatha. 

■= i iur. * 

« 1 BWr<i, 


7. MEASUREMENT Of CLOTHES, JEWELS AND CANE* 


20 paiA 


1 X*iW. 



Affinal 

i 1ABTH UXASUBSMfiNT. 

1 cubic Soda of oomprMMd Mrth ■» WOO Palos, 
1 cobi© Eada of loot* Mrth ■» *800 P«i«. 

0. BRICK MRABUB1MBHT. 

Brick of 1 bo** « i.Haite * 4 
Jflyi... MB Unit briok. 

10. WOOD MEASUREMENT. 

1 Bam an A 18 afipUa* ■* 1 

Work dono in cnttinf olonf by »mm 
of a mw o pieoo of wood 9i 
las long tnd l Kith* brood = 1 Pnffiki. 


11. SHADOW MEASUREMENT. 






A uthor 14*h«v iracarya. 

T 'lfc 

_ Ca " N "- 510. 254 „ 2 s x 

^afc of Issur 

I *Mucd to i fv 4 

IJ, Hc o/ Return 



